Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




«»: 



0.^ 

.A 5-3 



SECOND GEOLOGICAL SURVEY OF PENNSYLVANIA : 
KEPOET OF PEOGRESS 

D8 Vol. I. 



THE GEOLOGY OF 



LEHIGH AND NORTHAMPTON 



COUNTIES. 



GENERAL INTRODUCTION BY J. P. LESLEY. 

SLATE BELT AND QUARRIES BY R. N. SANDERS. 

WATER GAPS BY H. M. CHANCE. 

LIMESTONE BELT AND IRON ORE MINES BY F. PRIME. 

SOUTH MOUNTAIN ROCKS BY F. PRIME. 

ITINERARY SURVEY OF THE MOUNTAINS BY C. E. HALL, 



WITH NUMEROUS PAGE PLATE ILLUSTRATIONS, 
3 LITHOGRAPH AND 3 ARTOTYPE VIEWS OF QUARRIES 

AND AN ATLAS 

CONTAINING 
A COLOBBD CONTOUR MAP OP SOUTHERN NORTHAMPTON ON 6 SHEETS, 
A CONTOUR MAP OF THE MOUNTAIN REGION ON 17 SHEETS, 
A COLORED GEOLOGICAL INDEX MAP ON 1 SHEET, 
A COLORED GEOLOGICAL MAP OF NORTHAMPTON AND LEHIGH COUNTIES *, AND 

4 MAPS OF IRON MINES IN BERKS COUNTY. 



HARRISBURG: 

PUBLISHED BY THE BOARD OF COMMISSIONERS 
FOR THE SECOND GEOLOGICAL SURVEY. 

188 3. 



Entered, for the Commonwealth of Pennsylvania, in the year 1883, according 

to acts of Congress, 

By WILLIAM A. INGHAM, 

Secretary of the Board of Commissioners of Geological Survey^ 

In the office of the Librarian of Congress, at 

Washington, D. C. 



Electrotyped and printed by 

LANE S. HART, State Printer, 

Harrisburg, Pa. 



BOARD OF COMMISSIONERS. 



\ 



His Excellency, ROBERT E. PATTISON, Ooternor, 

and eX'Oficio President of the Board, Harrisburg. 

Ario Pardee, Hazleton. 

William A. Ingham, Philadelphia. 

Henry S. Eckert, -------- Reading. 

Henry McCormick, Harrisburg. 

James Macfarlane, Towanda. 

Charles A. Miner, Wilkes-Barre. 

Joseph Willcox, - - Media. 

Hon. Daniel J. Morrell, Johnstown. 

Louis W. Hall, Harrisburg. 

Samuel Q. Brown, Pleasantville. 



SECRETARY OF THE BOARD. 
William A. Ingham, Philadelphia. 



STATE GEOLOGIST. 
Peter Lesley, Philadelphia. 



ASSISTANTS IN 1882. 



John F. CABLii) geologist for the Oil regions ; address Pleasantville, Venango 
county, Pa. 

J. Sutton Wall, Monongahela river ooliieries. 

J. J. Stevenson, geologist for Bedford and Fulton counties. 

C. E. Hall, geologist for Delaware and parts of Chester, Northampton, Ad- 
ams, and Franklin counties. 

I. C. White, geologist for Wyoming, Lackawanna, Luzerne, Columbia, Mon- 
tour, and Northumberland, outside of the Anthracite Coal field ; address 
Morgantown, W. Va* 

E. V. D'Invilliers, topographical geologist for the Reading mountains in 
Bucks county ; 907 Walnut street, Philadelphia. 

A. E. Lehman, topographical geologist for the South Mountains in Cumber- 
land and York Cos. ; 907 Walnut street, Philadelphia. 

H. C. Lewis, geologist for surface deposits; Germantown, Philadelphia. 

H. Martyn Chance, M. D., geologist to report on mining methods and ap- 
pliances, especially for the Anthracite coal fields ; address 907 Walnut street, 
PhUadelphia. 

A. S. McCreath, Chemist, 223 Market street, Harrisburg. 

John M. Stinson, assistant chemist. 

F. A. Genth, Mineralogist ; University of Pennsylvania. 
L. Lesquereux , Fossil botanist ; Columbus, Ohio. 

F. W. FoRMAN, clerk in charge of the distribution of Reports, 223 Market 
street, Harrisburg, to whom all communications or inquiries respecting pub- 
lications should be addressed. 

E. B. Harden, topographer, in charge of illustrations for reports, and general 
correspondence at head-quarters, 907 Walnut street, Pliiladelphia, to whom 
all business communications respecting the Work of the Survey should be 
addressed. 

Anthracite /Survey. 

C. A. AsHBURNER, gcologist, in charge of the Survey of the Anthracite coal 

fields; address 907 Walnut street, Philadelphia. 
Frank A. Hill, geologist, in charge of the Northern coal field. 
H. E. Parrish, assistant geologist. 
O. B. Harden, Aid. 

A. P. Berlin, geologist, in charge of the Eastern Middle Coal Field. 
R. I. Moter, Aid. 

Bard Wells, geologist, in charge of the Western Middle Coal Field. 
H. N. Sims, assistant geologist. 
Baird Halberstadt, Aid. 
Arthur Wins low, Special assistant geologist. 
Tbiichi Kada, Special aid. 
Charles B. Scott, Accountant. 



PREFATORY LETTER. 



To His Excellency Robert E. Pattison, Chairman^ ex- 
officio^ of the Board of Commissioners of the Second 
Geological Survey of Pennsylvania : 

Sir : I have the honor to present for your consideration 
the report of the progress of the survey in Northampton, 
Lehigh and Berks counties, noted in the series as Dl 

The geological survey of Northampton and Lehigh coun- 
ties was commenced by Prof. Prime in 1874, and continued 
by him until 1878. 

A report (D) of the progress of the work was published 
in 1875, and another (DD) in 1878. That of 1875 described 
ninety -eight iron ore mines in the limestone country west 
of the Lehigh. Their locations were shown on a contoured 
map of a part of the district. 

With Report DD was published a four-sheet contour 
map of the limestone valley land in Lehigh county. On 
this map were located 202 mines. A fifth sheet gave a de- 
tailed map of the Ironton mines on a large scale. 

After 1878, the topographical survey of the limestone 
valley land was carried on without interruption, first east- 
ward through Northampton county to the Delaware river, 
and then westward through Berks county to the Schuylkill 
river, where it stopped. 

This survey of the limestone valley land was carried to 
the top of the first range of slate hills along its northeast 
border ; and up the first slopes of the South Mountains 
along its southern border. 

In 1879, 1880, 1881, and 1882, it was further extended 
south-westward to embrace the whole South Mountain re- 
gion : the Durham hills, the Reading highlands, Durham, 
Saucon, Oley and other interior limestone valleys, the belt 

(V D3. ) 
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of limestone south of the mountains, and the edge of the 
Mesozoic red sandstone, shale, conglomerate and trap 
country along the Bucks and Montgomery line. Mean- 
while, Mr. Sanders made a special topographical survey of 
the narrow belt of trap, etc., south of Reading and west of 
the Schuylkill river, which is included in the map. 

In the spring of 1880 six sheets of this survey were pre- 
pared and printed in colors, to illustrate a report on North- 
ampton county. They constitute a map by themselves, 
showing the limestone region of the lower Lehigh and Del- 
aware rivers, and the mountains as far south as an east and 
west line cutting the Saucon creek near its mouth. A part 
of the previously published map of Lehigh county is repro- 
duced on this map to make its south and west borders con- 
terminous with the other sheets of the survey. 

These six special Northampton county sheets, and the 
sheets of the mountain survey which fit on to them, on the 
south and west, are now published in an Atlas to Report D', 
Vol. I, on Lehigh and Northampton counties, and Vol. II 
on Berks county. * 

Also, in this Atlas will be found the seventeen sheets of 
the mountain survey, embracing the Reading hills and lime- 
stone valley in Berks county, as far as the Schuylkill river, 
on a scale of 1,600 feet to an inch, the contour lines 10 feet 
vertically apart. 

Also, an Index Map of the whole survey, on the scale of 
two miles to an inch, geologically colored. 

Also, a colored geological map of Lehigh and Northamp- 
ton counties, on the scale of two miles to the inch, like the 
maps of the other counties of the State. 

The six-sheet map embraces the townships of Allen, E. 
Allen, Upper Nazareth, L. Nazareth, southern Lower Mt. 
Bethel, Forks, Easton, Palmer, Bethlehem, northern Wil- 
liams, and northern Lower Saucon in Northampton county ; 
with Hanover and eastern Salzburg in Lehigh county. 

All the field work was plotted on 400' : V\ and reduced 
to 1600' : 1". 

Contour lines 10' apart ; the hundred-foot lines are des- 

♦ Now going through the press, June, 1888. 
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ignated in many places. The heights above tide of most of 
the hill tops, and sink-hole bottoms, are given. The levels 
of RR. grade at RR. stations, published in Report N, were 
accepted as data. 

An error of 30', in that part of the Lehigh map of Report 
DD lying east of the river, is corrected in this map of Re- 
port D\* 

Most of the surveying was done with a Heller & Brightly 
mining transit, and stadia measurements. A few small 
inside circuits were paced. The topography to the right 
and left of lines run was sketched in the field note-book. 

Arrows show the direction of the dip^ where bed-rock was 
observed. The cross lines to the arrows show the strike or 
course of the rock across country. The figures give the 
angle of dip to the horizon. 

The numbering of the iron mines corresponds with that of 
the list giv^n on the south-east blank corner of the map. 

On the colored Geological county map of Lehigh and 
Northampton have been placed the slate quarries, numbered 
as described by Mr. Sanders in Chapter II of this report. 
The dips are also shown by arrows. 

Mr. Chance's large contoured maps of the Delaware and 
Lehigh water gaps have been published in Mr. White's re- 
port, G" on Pike and Monroe counties, most of their rocks 
belonging to that region, although these maps extend south- 
ward into the slate region described in this report, as shown 
by the sections on pages 155, 157, 159, of Mr. Chance's de- 
scription, commencing on page 148. On these local maps 
some of the most important slate quarries are situated. 

It is to be regretted that topographical work of this kind 
is so tedious and expensive that the resources of the State 
Survey were inadequate for the extension of the survey of 
the limestone belt northward over the wide slate belt to the 
Kit ta tinny mountain. Seven years of almost uninterrupted 
field and office work were required for mapping southern 
Northampton and Lehigh and eastern Berks counties. The 

*An the contour lines on the 4-sheet Lehig^h map eoi.Bt of the river are 
marked SO' too high above tide. The error was made at starting from the 
Cataaauqua bridge. The contours on both maps are alike. 
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slate belt between the Delaware and the Schuylkill could not 
be thus surveyed in less than live years. Nor would the 
utility of such a survey justify the expense of time and 
money out of the limited appropriations to the State Sur- 
vey, — except along the roofing slate range at the foot of the 
mountain. The location of the quarries by Mr. Sanders on 
the county maps will, however, suffice for all practical pur- 
poses at present ; but a special topographical survey of this 
range should be undertaken. 

As for the South Mountain region, there was no escape 
from the necessity of a complete hypsometrical survey, cost 
what it might. The geological structure can b^ made out 
in no other way ; and the map sheets now published will be 
in all future time a basis of local exploration. Without such 
a map any exploration must be done in the dark. 

I had prepared for this Volume a discussion T)f the phe- 
nomena of roofing slate cleavage^ with its relationship to 
the subject of the former extension over and subsequent 
erosion of the Silurian and Devonian formations from off 
the area of the State now occupied by the Great Valley ; 
but the long delay already caused by the slow completion 
of the maps makes it necessary to postpone its publication 
to the second volume of D'.* 

Other matter connected with the slate belt will find place 
in the report on that part of it which traverses Berks county. 

The alleged nonconformity of Formation No. IV, (Oneida 
and Medina sandstone,) on Formation No. Ill, (Hudson 
river slate,) does not appear in Pennsylvania. It will be 
seen by reference to Mr. Sanders' exposure No. 131 (on 
page 112) that the slates graduate into sandstone upwards, 
towards the conglomerate which overlies them, after a con- 
cealed interval (at that place) of less than fifty feet. There 
is no nonconformity at the Delaware water gap, nor at the 
Lehigh gap. In the Berks county report it will be shown 
how, at the Schuylkill water gap, the sandstone beds lie 
transversely at right angles upon the edges of the slate, not 

* Twelve chapters of which are going through the press, June, 1883. 
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by reason of any nonconformity in deposition, but by rea- 
son of a fault or snapped anticlinal, which is traceable for 
some miles, and dies out at each end. The section is given 
on page 163. The edge of the slate is ground smooth by 
friction. No trace of erosion is visible, such as must have 
appeared if the sandstones of IV had been deposited on a 
previously-exposed surface of the upturned slates of III. 
The presence of supposed fragments of III in the rocks of 
IV, at the Delaware water gap, is no evidence of noncon- 
formity of IV upon III at that locality, because — 1. to 
create such fragments III would have to be eroded at or 
near that locality, and there is no sign of such erosion ; 2, 
because the fact of IV being outspread over hundreds of 
miles shows the extent of the sea in which it was depos- 
ited ; consequently the distance of its shores from that 
locality ; consequently the improbability of the transport 
of such fragments such a distance. But if the fragments 
be really fragments of III (which is not proved) and came 
from a distant shore, that fact alone suffices to disprove the 
supposed nonconformity at that locality. The fact is, any 
nonconformity between III and IV, or III and VI, observejd 
at Rondout in New York, must be a local phenomenon 
not affecting the rest of the Appalacian region. My views 
on this subject will be found on page 32.* 

Photographs of several slate quarries were taken by Mr. 
E. B. Harden, who is very skillful in selecting points of 
view best calculated for enriching the reports of his fellow 
assistants on the Survey with pictorial illustrations of im- 
portant geological features difficult to describe textually. 
Three views of the quarries at Slatington have been repro- 
duced (from his negatives) by the Artotype process of 
Mr. Biers tad t, of New York. 

Old Quarry No. 2, James Hess & Co. (No. 155,) shows 
two features of prime importance : 1. The thickening of a 
slate stratum by pressure in the jaw of a synclinal ; 2. The 

*8uoh an instance is narrated by Mr. White on page 150 of his Report G^, 
on Pike and Monroe counties, as occurring at Otisville in northern New Jer- 
sey, on the line of the Erie railroad, a number of miles east of the extreme 
point of Pennsylvania, and nearly 50 miles east of the Delaware water gap. 
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development of the cleavage by pressure, at angles to the 
axial plane of the synclinal which differ in the different 
heds^ and on the two sides of the synclinal. 

The relation of the cleavage to i\ie fault is shown in the 
picture of the American slate quarry No. 2, (No. 159.) 

The picture of the American slate quarry No. 1, (No. 159,) 
displays the extent to which the rock is quarried at various 
places in the region. 

Mr. Sanders reported to me a list of quarries which ought 
to be photographed to show these and other features of 
the geology of the belt ; but the business of the survey 
combined with bad weather to defeat my arrangements for 
having these taken. The list may be useful to other geol- 
ogists, and some of the points may be photographed be- 
fore the publication of the second volume : — 

Jurry's quarry at Pen Argyl (No. 39) shows the cleavage 
of the slate at right angles to the axial plane of a syn- 
cUnaL 

Peter Fry's quarry, (No. 6,) two miles north of Portland ; 
the Bangor quarry, (No. 21,) at Bangor ; the Bangor union 
quarry, (No. 23 ;) the North Bangor quarry, No. 3, (No. 26,) 
at Bangor ; the True Blue quarry, (No. 29,) two miles south 
of Bangor ; and the Star quarry, (No. 195,) two miles north 
of Steinsville — all show the slate cleavage parallel to the 
axial plane of a synclinal. 

The Blue Mountain quarry, (No. 157,) at Slatington, shows 
a rolling structure with the slate cleavage uniform through- 
out. 

The Bangor quarry, (No. 21,) at Bangor, presents a re- 
markable aspect to the spectator approaching its north-west 
corner. The bed planes appear to form concentric ovals. 
This curious optical illusion is produced by the angles of 
the quarry penetrating the body of an overthrown collapsed 
synclinal. 

The Snowden quarry, (No. 5,) two miles north of Port- 
land, shows 2i fault with the slates curved above it, and the 
cleavage on each side. 

Chapman's quarry, (No. 79,) at Chapman Station, would 
furnish an excellent general view of the methods employed 
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in working a large quarry. Here, perhaps, could be best 
procured a picture of a cable derrick, with its frame and 
traveller, slate-dressing tools, chisels, dressing machines, 
.&c., &c. 

• 

The occurrence of No. Ill (Hudson river) slates at Lime- 
port, in the South Mountain region, observed by Mr. Hall, 
and described on page 257 of this report, is of great im- 
portance. It deserves the careful consideration of any geol- 
ogist who doubts the former extension of the Palaeozoic 
formations across the present area of the Azoic rocks, south- 
eastward, towards the Atlantic ocean ; — of any geologist 
who is disposed to assume the existence of an Oneida or 
Medina sea-shore somewhere along the present South Moun- 
tain-Blue Ridge.range ^ — of any geologist who hesitates to 
believe that the erosion of that range commenced after the 
Coal age. 

The limestone belt of Northampton county is described 
by Prof. Prime in Chapter III. The numerous dip arrows 
on the six-sheet map will furnish a basis of future investi- 
gation into the very obscure structure of this complicated 
region. I made an only partially successful effort to rep- 
resent by underground contours the interrupted anticlinal 
which runs across the county south of the slate belt. It is 
not in a satisfactory shape to appear in the first volume of 
this report, and must be withheld in view of a general dis- 
cussion of the Great Valley in a future report. 

A local contour sketch map of the Jerusalem church gap 
of the Little Lehigh river in Lehigh county, is also reserved 
for the second volume (on Berks county), as it bears upon 
the question of the superposition of the limestone and Pots- 
dam sandstone up on the gneiss. 

Iron ore mines are rare in the limestone belt of Northamp- 
ton county, which accounts for the few analyses of limonite 
ores in this report. 

Mr. A. S. McCreath reported to me, January 11, 1883, 
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that he had made 102 analyses for Report D\ as follows : 
Iron ores, 61 ; limestones, 40 ; kaolin, 1. 

Some of these will appear in Vol, 2, as belonging to 
mines and quarries in Berks county, samples from which 
were taken by Mr. McCreath himself in July and August, 
1881. ''Magnetic iron ores vary so much from time to 
time in their yield of metallic iron that a reference to the 
date of sampling is necessary." 

In Prof. Prime's report of the progress of surveys in Le- 
high county in 1875-6 (D', 1878) analyses of iron ores from 
the Brown, Ironton, Henninger's, Boyer's, Seeger'^s, Le van's, 
Guth's, Weaver's, Kline's, Sheifer's, Ruch's, Biery's, 
Roth's, Jobst's, Schwartz's, Daney's, Keck & Ritter's, 
Trexler & Kline's, H. Kline's, J. Kline's, and Seam's mines 
are given on pp. 25 to 48. 

In Mr. McCreath' s report of the work of the Laboratory 
at Harrisburg f or 1876-7-8, MM., 1879, these analyses are 
given on pages 213 to 217. Also, analyses of ores from the 
Ritter, Glick, Kehm, Schneider, Kurtz, M. Mory, and G. 
and W- Mory mines in Lehigh county, and the Saucon 
Iron company's mines in Northampton county ; pp. 213, 
215, 217, and 218. These I here insert : 

Lehigh county, 

■ 

{61) (62) 

Bitter, Ritter, 

Iron, 39.300 47.700 

Manganese, 065 2.938 

Sulphur, 008 .049 

Phosphorus, 1.269 .328 

Insoluble residue, .... 28.195 12.595 



(S57) 


(S58) 


Olick, 


Kehm, 


49.500 


53.000 


.194 


.216 


.019 


.024 


.102 


.096 


13.410 


7.290 



{61) P. BrowrCs mine at Ironton; lump ore\ compact, 
rather fine-grained, dark brown. 

(S'B) P. Brown! s mine ; lump and wash ore ; compact, 
arenaceous, dark brown. (D. McCreath.) 

{357) Charles Olick' s mine, 3^ miles N. W. of Emaus; 
leased by Allentown Iron Company ; lump ore ; compact, 
also cellular, with considerable adhering clay ; dark brown. 

{358) Solomon KehrrCs mine^ 2i miles N. W. of Emaus ; 
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lump ore; hard, compact and tough ; carries some particles 
of quartz and considerable adhering clay. 

Lehigh County. 

(968.) (969,) (970.) (981.) 

Schneider. Kurtz. M, Mory, Q. & W. Mory. 

Sesquioxide of iron, .... 64.428 75.714 6&785 47.000 

Sesquiozide of manganese, . .982 .228 .207 .889 

Sesquioxide of cobalt, . . .040 .010 .020 .080 

Alumina, 2.108 1.421 2.974 3.696 

Lime, 170 .160 .120 .100 

Magnesia, 288 .288 .288 .418 

Sulphuric acid, 032 .447 .612 .062 

Phospiioric acid, L104 1.175 .941 .584 

Water, 11.374 12.724 12.866 8.622 

Insoluble residue, 19.760 7.790 13.310 38.940 

100.286 99.95 7 100.12 3 1 00.391 

Metallic iron, 45.100 53.00 48.150 32.900 

Metallic manganese, 684 .159 .144 .619 

Sulphur, 013 .179* .245t .025 

Phosphorus, 482 .513^ .411 .255 

{968) David Schneidefs mine^ three miles from Friedens- 
ville, and seven miles south-west from Hellertown. Lump 
and wash ore. Leased by Saucon Iron Co. Generally 
compact and fine-grained, with considerable bomb shell ore, 
the walls of the bombs being lined with dark brown fibrous 
iron oxide. 

{969) Widow Kurtz's mine^ near Friedensville, and four 
miles south-west from Hellertown. Pipe ore. Leased by 
Saucon Iron Co. Cellular, pipe ore, generally of a dark 
brown color. 

{970) Morgan Morj/s mine^ near Friedensville, and four 
miles south-west of Hellertown. Lump and' wash ore. 
Leased by Saucon Iron Co. Brittle, cellular ; the cells for 
the most part filled with ocherous iron ore. Color, light 
and dark brown. 

{981) G. and W. Mory's mine., near Friedensville, and 
four miles south-west from Hellertown. Lump and wash 
ore. Leased by Saucon Iron Co. Cellular, brittle, with 

* Duplicate sulphur determination gave .179. 
t Duplicate sulphur determination gave .246. 
% Duplicate phosphorus determination gave .514. 
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considerable ferruginous clay and free quartz. Color of 
ore, dark brown to yellow brown. 

Northampton County. 

iSaucon Iron Company, 

{980.) (967.) 

Sesquioxide of iron, 49.928 63.714 

Seeqaioxide of manganese, 7.858 .455 

Sesquioxide of oobalt, 140 .040 

Alumina, 8.053 1.090 

Lime, 110 .180 

Magnesia, 418 .324 

Sulphurio aoid, 042 .027 

Piiosphorio acid, 1.169 .836 

Water, . .' 11.384 11.980 

Insoluble residue, 26.700 21.940 

1 00.302 10 0.586 

Metallic iron, 84.950 44.600 

Metallic manganese, 5.123 .317 

Sulphur, 017 .011 

Phosphorus, 509 .365 

{980) Wharton mine of Saucon Iron Co., two miles east 
from Hellertown. Specimens from higher level, about 
eighty feet deep. Lump and wash ore. Compact, brittle, 
sandy ; dark brown to reddish brown. 

{967) Wharton mine of Saucon Iron Co., two miles east 
from Hellertown. From deep shafts 1^6 feet under ground. 
Lump and wash ore. Hard, tough, fine grained ; color, 
liver brown. 

Analyses of the Crane Iron Company' s mine by Mr. Gay- 
ley ; of the Ironton mines by Mr. Pemberton ; and of the 
Brown mine by Mr. Britton, are given in Report D', on 
pages 37, 42, and 46. 

The Olacial Drift so finely exhibited in the north-eastern 
corner of Northampton countyis only incidentally mentioned 
in this report, because it will be fully described in Prof. H. 
C. Lewis' report X on the Terminal Moraine in Pennsylva- 
nia, now ready for the press. This heterogeneous mass of 
sand, gravel, and bowlders of all sizes, crosses the State of 
New Jersey from Amboy to Belvedere. On the western 
side of the Delaware it sweeps a curve west and north to 
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Offset Valley creek ; ascends the mountain near Tot's gap ; 
crosses the summit and descends into the back valley in 
Monroe county. Huge masses of the Monroe county rocks 
have been carried by the ice over the mountain and been 
dropped on its southern slopes in Northampton county. 
The surface of Upper Mt. Bethel county, lying behind the 
moraine, differs from that of the rest of the county be- 
cause the old slate surface is now covered with a deep, irreg- 
ular coating of drift, such as overspreads eastern and 
northern Monroe, all Pike, Wayne, Susquenanna, and other 
northern counties as far west as McKean. 

Much material for the study of this interesting subject 
will be found in Reports G* and G" ; but the reader should 
prepare himself for comprehending glacial phenomena by 
a careful study of Prof. Geikie's book entitled The Great 
Ice Age, and Prof. I. D. Whitney's great work on the 
California gravels, and on Climatal Changes in the earth's 
history.* Glacial literature is already very copious ; books 
and memoirs over names of high authority are numerous ; 
but I caution the geologists of Pennsylvania against views 
in vogue respecting the great erosive power of glacial ice ; 
for, if they be accepted as true, our well-studied conclu- 
sions respecting the origin of our mountains and valleys 
would fail. In Northampton county we have, perhaps, a 
unique case of the possibility of actusillj g^iaging in feet 
the exact amount of eroding work which ice can do ; and by 
this case the worth, or rather worthlessness, of the popu- 
lar exaggerations can be tested ; thus — 

The crest of the Kittatinny mountain is of remarkably 
uniform height and character for two hundred miles across 
the State ; always sharp and rocky ; with a long northern 
and a steep southern slope, set with low sandstone cliffs. 
But at four miles west of the Delaware water gap a change 
occurs ; the mountain crest is, from this point eastward, not 
sharp and rocky, but rounded and smooth enough to be 
cultivated. The point where the change takes place is the 
point where the Terminal Moraine crosses the top of the 
mountain. The ice-sheet, which advancing from the N. E. 

* Published early in 1883. 
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dropped the moraine, smoothed off the sharp rugged crest of 
the mountain ; and the difference of height — about 70 feet — 
between the crest south-west of the moraine and north-east 
of the moraine shows exactly how much work the ice was 
able to do, operating upon this massive outcrop of sandstone 
and conglomerate. If the ice had moved from the north- 
west instead of from the north-east — and if it had merely 
reached the top of the mountain, and melted away on its 
southern slope — it might be said the facts were merely a 
test of the minimum ability of the icesheet ; but since the 
ice-sheet moved diagonally across the mountain and ex- 
tended far into the low country (as the Beldevere section of 
the moraine shows) there can be no doubt that the erosion 
of the top of the mountain was as great as the ice-sheet 
could perform anywhere in Pennyslvania ;* and the fact 
that it amounted to only about 70 feet disperses the popu- 
lar poetic fiction of ice-excavated Great Lake basins and 
Appalacian valleys. 

The practical character of the Geological Survey of Penn- 
sylvania has not been dictated merely by the policy of sup- 
plying the citizens of the State first and foremost with facts, 
and leaving to irresponsible individuals the invention of as 
many theories of the facts as they please ; but by an honest 
and deep distrust of the value of most of the glittering 
generalities, or generalizations as they are commonly called, 
which the younger, and some of the elder geologists seem 
to consider the best part of the geological work of the day. 
The great laws of geology were discovered, proved, and put 
in force years ago. These laws are sound and reliable, and 
all our interpretations of observed facts are referred to thein 
and tested by them. But many of the recently invented 
generalizations, so far from having been yet engrossed 
among the laws of the science, are merely the vague and 
often fanciful suggestions of half educated and undisciplined 
minds, filled with zeal, endowed with talent, but insuffi- 

*The supposed greater thickness of the ioe-sheet further north is no argu- 
ment for a greater power of erosion ; for, in spite of the popular opinion to 
the contrary, it can be easily shown that the thickness (i. e., the weight) of a 
glacier has nothing to do with its erosive power. 
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ciently furnished with knowledge, prompted by an ambition 
for personal renown which they often mistake for a love of 
truth, and impatient of the tedious labor which a rigid 
mathematical and jjictorial criticism of facts imposes on the 
sober geologist. Every now and then it is announced that 
a new era in geological science has commenced ; that a new 
method of investigation has been discovered which is to su- 
persede the old methods ; that a new principle has been ob- 
tained by which the vexed questions of deposition, eleva- 
tion, depression, erosion, metamorphism and classification 
can be settled. A few years, sometimes a few months, suf- 
fice to dispel the illusion and vitiate the prophecy ' 

Among these fugitive visions has appeared an hypothesis, 
just now much in vogue, that the weight of ice in the gla- 
cial period has played a masterly role in the structural his- 
tory of the earth. To an experienced geologist accustomed 
all his life to measuring everything relating to the crust of 
the earth, first in detail and then in the gross, it is hardly 
necessary to point out the absurdity of ascribing work to 
a plate of ice, with a specific gravity of 1, which mountain 
masses of rock, with the specific gravity of nearly 3, have 
not been able to perform. The tertiary plateau of Asia, 
the tertiary dome of the Rocky Mountains, could hardly 
remain above sea level, if 3000 feet of ice could depress the 
area over which it lay, and by its melting away allow that 
area to float up again to its original altitude. One thousand 
feet of Laurentian gneiss, limestone, and trap weigh as 
much as 2700 feet of ice. Yet the Canadian highlands stand 
firm at 2000 feet above tide, weighing as much as the ice 
that once covered them did on the unproved supposition 
that it was not 3000 but 5500 feet thick. And yet upon this 
fancied movement of the earth crust downwards when over- 
come by ice, and upwards when relieved by its disappear- 
ance, one so-called "theory" of the general southward 
slope of the formations through New York and Pennsyl- 
vania towards the Kittatinny valley has been based. 

It is right that the citizens of Pennsylvania should know 
that good geologists feel the same distrust of geological 
theories, floated on the authority of popularly great names, 
B— D*. 
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that they do for extravagant statements respecting mineral 
wealth floated on the reports of popularly famous experts. 

The study of the Alpine glaciers and their moraine de- 
posits was commenced by Agassiz and his disciples as long 
ago as 1835, and has been sedulously prosecuted by Swiss, 
French, and Italian geologists ever since. Nearly fifty 
years of work have not sufficed to overcome all the diffi- 
culties encountered in the progress of the investigation, 
and the last discoveries of Fabre and Desor throw new light 
upon the age, extent, and order of the deposits. 

The Glacial Geology of Great Britain virtually came un- 
der investigation in 1847, when Agassiz first awoke the 
English and Scotch geologists to its importance. Thirty- 
five years have been spent by hundreds of most accom- 
plished and zealous field workers in the examination of 
every mountain, valley, and plain in the British islands, in 
collating innumerable railway cuts, ravines, shafts and wells 
with off-shore soundings, — in discussing the bowlders, 
gravel, sand, and clay of the till, to distinguish them from 
those of the shore and river deposits, — and in searching for 
fossil plants, shells, and animal remains to determine the 
probable unity, duality, or multiplicity of the ice move- 
ment ; the possible submergence and emergence of land 
meanwhile ; the presence or absence of mankind ; the form- 
ation of lakes and new rock cuts by the ice ; and the total 
effect upon the topography of that part of Europe. Yet 
one has only to read the current descriptive, theoretical, and 
controversial literature of English Geology to see that the 
end of this long investigation is far from being reached. 

In Pennsylvania the same kind of minute and universal 
study of glacial phenomena is needed ; and young geolo- 
gists, now in our schools of science, will find their zeal and 
diligence taxed to the utmost for twenty years to come, to 
give a true account of the origin of the ice sheet — its thick- 
ness, its course, its advances and retreats, its effects upon 
the surface, where it picked up its burden of trash, and 
where and how it distributed the materials ; whether the 
forest, destroyed by a first invasion of the ice, grew again 
before a second invasion ; whether successive flows of ice 
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differed as to the extent of country they covered, and which 
one of them it was that left its mark in the Great Terminal 
Moraine ; whether the sea level fell so as to leave the pres- 
ent Atlantic soundings dry ; or rose, so as to flood the con- 
tinent to or far above the level of the Lafaj'^ette College 
grounds on Easton hill ; or rose and fell alternately during 
the long continuance of the Glacial Age; and how the 
rivers have varied in volume and force ; and what are the 
relative ages and distinctive characters of the readjusted 
drift on the upland and in the valleys. 

The State Geological Survey, with all its other work on 
hand, can only indicate in its Reports of Progress these 
subjects of future investigation, and mark out in outline 
the great facts which will be studied in detail by Pennsyl- 
vaniaris when their interest in this branch of science has 
been aroused. 

In England, most of the final results have been reached 
by private organizations called Field Clubs ; and this may 
happen in the United States. Much can be done by par- 
ties of college students in vacation ; but the most of the 
work will be accomplished by intelligent private citizens of 
the State, each studying the district in which he happens 
to live, and communicating his observations to some society 
which publishes Proceedings. There should be a society 
of local investigators, a field club of naturalists, in every 
county in Pennsylvania, which could easily jjlace itself in 
active correspondence with the American Philosophical 
Society, or with the Academy of Natural Sciences in Phil- 
adelphia, for the publication of their papers, or they might 
place them at the disposal of a geological bureau at Har- 
risburg for publication by the State. 

Such societies already exist at Wilkes- Barre, at New 
Bloomfield in Perry county, at Lancaster, at Media in 
Delaware county, and at Johnstown in Cambria county. 
Greensburg in Westmoreland county was once a famous 
center of scientific activity. Meadville, Washington, Belle- 
fonte, Bethlehem, Easton, Gettysburg, Mercersburg and 
other towns have colleges and normal schools which would 
make nuclei around which scores of intelligent observers 
could group themselves. The genius of our century is one 
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of fruitful association. Natural science is now too copious 
and difficult to be managed by isolated seekers after truth ; 
its devotees must arrange themselves into communicating 
groups. The history of science in England shows how 
much more knowledge is gained by a multitude of small 
corresponding societies, than by a few metropolitan acad- 
emies of science. These last are merely headquarters ; the 
great army of field workers must be cantoned about, every- 
where. Pennsylvania might easily have for itself sixty live 
geological societies localized in its county towns and at its 

mining centers. 

J. P. LESLEY. 

lOOS Clinton street^ Phila^elpliia, May 5, 1883. 



Letter of Prof. Frederick Prime^ Jr. 

Prof. J. P. Lesley, 

State Oeologist of Pennsylvania : 

Dear Sir : Herewith I transmit to you a report on the 
limestone district of Northampton county, together with 
the northern portion of the Laurentian rocks of the South 
mountains. 

In the survey of this region I was assisted during a por- 
tion of each season of 1875, 1876, and 1877, by Messrs. Ellis 
Clark, Jr., Ellis C. Kent and A. P. Berlin as aids, who have 
all shown faithfulness in their work. The construction of 
the map is entirely the work of Mr. Berlin, and this shows 
the care and faithfulness with which he performed his labor. 

I am under obligations to John Fritz, Esq., superintendent 
of the Bethlehem Iron Company ; F. L. Clerc, Esq. , of the 
Lehigh Zinc Company ; Michael Fackenthal, Esq., super- 
intendent of the Saucon Iron Company ; Joseph Hunt, Esq., 
assistant superintendent of the Crane Iron Company ; Frank 
Firmstone, Esq., superintendent of the Glendon Iron Com- 
pany ; Prof. W. T. Roepper, of Bethlehem, and others, for 
valuable aid in the prosecution of the work. 

Yours very respectfully, 

FREDERICK PRIME, Jr. 

907 Walnut street, Philadelphia, 1878. 
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Chapter I. 



Introduction* 

NORTHAMPTON COUNTY was laid off from Bucks 
county in 1752, and extended at that time over what is now 
Lehigh, Schuylkill, Carbon, Monroe, Pike and all other 
counties to the north of them as far as the New York State 
line. In 1772 Northumberland took its north-western parts ; 
in 1796 Wayne its north-eastern part ; in 1811 it lost Schuyl- 
kill, in 1812 Lehigh, in 1836 Monroe, in 1843 Carbon ; and 
was reduced to its present dimensions of 375 square miles, 
or 240,000 acres, lying south of the Kitta tinny mountain, 
with a population of 47,904 in 1860, of 61,432 in 1870, and 
of in 1880. 

The Northampton county lines follow for long distances 
the channel ways of its two principal rivers ; its northern 
boundary being the crest of the Kittatinny mountain, 
through which the two rivers break. 

^Ry J. p. Lesley. 
( 1 D3. ) 
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The Delaware water gap is at the north-east corner of 
the county, and The Lehigh water gap at the north-west 
corner ; the length of the Kittatinny mountain between the 
two being in a strraight E. N. E. line 27^ miles. The two 
rivers flow from the gaps S. S. E. in parallel lines, and form 
the east and west county lines, New Jersey lying east of 
the Delaware and Lehigh county west of thei Lehigh. 

The Delaware flows thus S. S. E. 8 miles to Manunka 
Chunk and there bends and flows (with some irregularities) 
S. S. W. 15 miles (if measured in a straight line, but 20 
miles if measured along its channel) to Easton. 

The Lehigh river flows S. S. E. 16 miles (if measured 
straight, but 18 miles by the water) to Allentown, and then 
making a right angle bend flows E. N. E. 13 miles into the 
Delaware at Easton. 

Within this area lie all but two of the townships. Lower 
Saucon and Williams townships extend south of the Lehigh 
up into and over the first ridges of the Durham hills, a pro- 
longation of the Highland mountains of New Jersey, 
through which the Delaware cuts a tortuous channel from 
east on southward six miles (straight, 8 by water) to the 
south-east county corner of Northampton, the north-east 
county corner of Bucks. 

The Northampton-Bucks county line is nearly straight 
S. W. along the top of the Durham hills. The south county 
corner is at the Philadelphia-Bethlehem road, \\ miles 
south of Bingen P. O. Thence the county line runs N. AV. 
across the valley of the Saucon, and north to the Lehigh 
river opposite Bethlehem. All on the west of this is Berks 
county. 

There are 18 townships of Northampton county arranged 
in the following order on the map : — 





Upper Mt. Bethel, 


Lehigh, Moore, Bushkill, Plainfield, Washington, 




Upper Nazareth, 


Lower Mt. Bethel, 


AUen, East AUen, 




Lower Nazareth, 


Forks, 


Palmer, 




Hanover, Bethlehem, 


Easton, 


Lower Sanoon, 


WUliams. 
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Easton at the confluence of two great rivers was the 
scene of the famous treaty with the Five Nations of In- 
dians. The town was laid out iij 1773, 75 miles from New 
York and 60 from Philadelphia (by rail,) and grew to have 
a population of 10,987 (exclusive of suburbs) in 1870, and 
of 11,924 in 1880. It is the seat of Lafayette college. 

Betlilehem^ where the North Penn railway from Phila- 
delphia joins the Lehigh valley railways, was founded by 
the Moravian missionaries in 1741, as their chief seat of ac- 
tion arid learning. It shared in the prosperous local trade 
inaugurated by the construction of the Lehigh canal navi- 
gation (1827), and subsequently by the opening of the Le- 
high Valley railroad and afterwards of the L. & Susque- 
hanna railroad in 1840, leased in perpetuo to the N. J. Cen- 
tral in 1871. In 1870 the population of the township was 
2230, of the borough 4512, and of the borough of South 
Bethlehem 3556. 

South BethleJiem is the site of Lehigh university ; the 
Bethlehem iron company's mills ; extensive zinc and brass 
works, &c. 

Nazareth was chosen for the seat of his school by George 
Whitfield in 1739, and then sold to his friends the Mora- 
vians of Bethlehem, led by Count Zinzendorf, who estab- 
lished there their boys' school, keeping their girls' school 
in Bethlehem. It has always retained its rural character 
and had a population of only 949 in 1870. It lies on the 
great northern turnpike leading over the mountain at the 
Wind gap. 

The principal villages in Northampton county are the fol- 
lowing : 

1, In Upper ML' Bethel, 

Slateford^ a t the quarries below the Delaware Water Gap. 

Portland^ where Jacobus creek enters the Delaware. 

Marshfleld Station on the railroad and river. 

Williamshurg or Mount Bethel Post Office a mile south- 
west from Portland, on the main road to Easton. 

Centerville^ three miles southwest of Portland, and on 
the same road from Portland to Easton. 
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Jo?insonvill€y in the center of Upper Mount Bethel town- 
ship, at the junction of the Tots Gap and Fox Gap roads 
leading into Monroe county. 

^ast Bangor^ at the slate quarries, inside the Upper 
Mount Bethel township line. 

^. In Washington. 

Bangor^ at the slate quarries on Martin's Creek, 

FUcksmlle on Martin's Creek a mile south of Bangor. 

AcJcermans on the west branch of Martin's Creek, a 
mile west of Flicksville. 

Factoryville on the same, a mile and a half south of 
Flicksvijle. 

Richmond in the east corner of the township. 

3, In Lower Mount Bethel. 

Mount Pleasant in the center of the township. 
Martin's Creek Post Office^ half a mile above the mouth 
of the creek. 

^. In Forks township. 

Stiimermlle at the north edge of the township. 
CJturchville a mile south-west of Shimerville. 
Shernerville on the Delaware two miles above Easton. 
Chestnut Hill^ a mile north of Easton. 

6, In Palmer. 

Stockertown^ at the north end of the township. 
Friedenthal, on the Bushkill half a mile west of Stock- 
ertown. 
Seipsville^ two miles west of Easton. 

6, In Plainfield, 

Keslefs^ two miles north of Shimerville. 
Belfast^ two miles west of Kesler's. 
Point Edward^ at the south-west corner of the township 
on the Bushkill. 

Wind Oap Post Office^ two miles south of the Wind Gap. 
Hellermlle^ one mile south of the Wind Gap. 
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Blue Mountain Post Office^ two mile east-south-east of 
the Wind Gap, on the railroad. 

Penargil^ at the slate quarries, two miles east of the Wind 
Gap, at the end of the railroad. 

7. In BushJcilL 

Clearfield^ a mile north-west of Bushkill Centre. 
Jacobsburg^ a mile east-south-east of Bushkill Centre, on 
the Bushkill. 

* 

Millgrove, a mile and a half south of Bushkill Centre, on 
the Bushkill. 

Filetown, half a mile east of Millgrove. 

Cherry Hill^ half a mile south of Millgrove, and half a 
mile north of Nazareth. 

8. In Upper Nazareth. 

SchoenecJc^ half a mile north of Nazareth. 
Christian Spring^ a mile west of Nazareth. 
Georgetown^ half a mile south of Christian Spring. 
New Centerville^ three miles west of Nazareth. 

9, In Lower Nazareth, 

Hallo^ one mile south-east of Nazareth. 
Newburg^ two and a half miles south-west of Nazareth. 
Hecktown^ three miles south-west of Nazareth. 
SmoJcetown^ one mile north-west of Newburg. 

10, In Bethlehem, 

Freemansburg^ on the Lehigh two miles east of Bethle- 
hem. 
Hopesville^ on the Lehigh five miles east of Bethlehem. 
Butztown^ two miles north of Freemansburg. 
Wagnertown^ two miles north-east of Freemansburg. 
Farmer sville,, three miles north-east of Freemansburg. 
Altona^ one mile north of Bethlehem. 

11, In Hanover, 
Schoenersville^ three miles north-west of Bethlehem. 
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W, In East Allen. 

JacJcsonville^ in the center. 

Weaversville^ on the west line and Catasauqua creek. 

Bath borough, north-east corner of the Manocacy. 

13. JPn Moore township. 

KlecJcersville^ in the center of the township. 

Chapmans\ at the quarries two miles north of Bath, on 
•the Manocacy and railroad. 

Moorestown^ two and a half miles north east of Chap- 
mans. 

Point Phillips^ three miles north of Chapmans. 

Dannersville^ two miles west of Chapmans, 

Beersville. near the west line and Hokendauqua Creek. 

Immanualsmlle^ four miles west by north of Chapmans. 

Youngsville^ five miles north west of Chapmans. 

H. In Lehigh township. 

Peter sville. south-east corner on the Manocacy. 

Newhartsville^ on Indian Creek, one and a half miles 
west of Peters ville. 

Howersville^ on Indian Creek one mile north of New- 
hartsville. 

Rockville^ on Indian Creek, east branch, near the line. 

Danielsmlle^ one mile south of Little Gap. 

Berlinsville^ two and a half miles south-east of the Le- 
high Water Gap. 

Poplar Orove^ three miles south-east of the Lehigh 

Water Gap. 
Gherrymlle^ four miles south-east of the Lehigh Water 

Gap. 

Walnutport^ two and a half miles south of the Lehigh 

Water Gap. 

NewhartporU three miles south of the Lehigh Water 
Gap. 

LocJcport, four miles south of the Lehigh Water Gap. 

Treichlefs station^ on the Lehigh river bend. 
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15. In Allen, 

Kreidlerville^ on Hokendauqua Creek. 

Seemsmlle^ on the east line. 

Bowertown^ on the east line. 

Siegfried^ s Bridge^ on the Lehigh. 

Newport^ on the Lehigh. 

Laubachsmlle^ 2X the mouth of Hokendauqua Creek. 

16, In Williams. 

Hanhsville^ on the Delaware, below Easton. 
Uhlersville^ half a mile below Raubsville, 
Stouffs^ in the south-west corner. 

17. In Lower Saucon. 

Shimersville^ at the mouth of the Saucon creek. 
Hellertown^ three miles south of Shimersville on the 
North Penn railroad and Saucon creek. 
^eitJisville^ one and a half miles south of Hellertown. 
Seidersville^ two miles south of South Bethlehem. 



Lehigh County was laid off from Northampton county 
in 1812 ; viz : all that part of the Great Valley west of the 
Lehigh river as far as the Berks county line ; and all the 
South mountain part from opposite the mouth of the Ma- 
nocacy south west to the Berks county line. The Kitta- 
tinny mountain has always been its northern boundary. 
Its area measures 364 square miles, or 232,960 acres, with 
a population of 43,753 in 1860, 56,796 in 1870, and 
in 1880. 

Lehigh county is a nearly rectangular figure, leaning 
northwest. 

Its northern line follows the pretty straight crest of the 
Kittatinny mountain from the Lehigh water gap W. S. W. 
16 miles to the north east corner of Berks county. 

The western line, common to Berks, runs perfectly straight 
S. 50° E. 26 miles : and thence, common to Montgomery, 
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onward 3 miles, =29 miles in all, to the north west corner 
of Bucks county. 

Its southern line is straight N. 38° E. 6 miles and then 
straight N. 50° E. 5 miles further to the south corner of 
Northampton. 

Its eastern line follows down the Lehigh from the Water 
gap to Bethlehem ; and then the Northampton lines to 
the Bucks county line. 

There are 14 townships in Lehigh county arranged in the 
following order on the map : — 

Washington, 
Heidelburg, N. Whitehall, 

Lynn, Lowhill, 

Weissenburg, S. Whitehall, Hanover, 

U. Maoungie, Salsburg, 

L. Macangie, 

U. Milford, U. Sauoon. 

L. MUford, 

Allentown was laid out in 1751, and grew to be a city %f 
13,894 inhabitants in 1870, and of 18,063 in 1880 ; first 
through the coal traffic on the canal, and then through the 
iron industry of the neigliborhood ; its own iron works and 
those of Catasauqua and Hokendauqua further up the river ; 
the ore being brought in from numerous mines by the East 
Penn railroad which connects it with Reading ; and from 
New Jersey and the seaboard by the Lehigh and Susque- 
hanna railroads. 

The Allentown Iron Works have 5 stacks and the Allen- 
town Rolling Mill 2 stacks just above the town. 

The Crane Iron Works have 4 stacks on the east bank of 
the liver, higher up, in Hanover, the only township lying 
on that side of the Lehigh. 

The Thomas Iron Works have 6 stacks at Hokendauqua 
4 miles above Allentown. 

The Lehigh Valley Iron Works have 2 stacks. 

The Coplay Iron Works have 3 stacks adjoining Hochen- 
dauqua on the north 

These 21 furnaces with their mills and shops make the 
valley of the Lehigh for several miles above Allentown a 
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scene of great activity ; and have converted what were mere 
baiting places on the old canal into large and populous vil- 
lages, such as 

Catasauqua on the east bank, at the mouth of Catasau- 
qua creek. 

Hdkendauqua and Coplay on the west bank, opposite 
the mouth of Hokendauqua creek, and between Coplay 
creek and river. 

In the interior of the county are other furnaces around 
which former rural villages or iron mine hamlets are grow- 
ing into similar importance ; such as 

Emaus^ (1 stack,) 5 miles S. S. W. of Allentown, on the 
East Penn railroad. 

Macungie^ (1 stack,) 4 miles west of Emaus on the same 
railroad. 

Alhurtis^ (2 stacks,) 10 miles S. W. of Allentown at the 
crossing of the East Penn and Catasauqua and Fogelsville 
railroads, and 1^ miles west of Emaus. 

According to the census of 1880, the total amount of pig 
iron, rolled iron, steel and hloovis, made in Lehigh county 
in 1880, was 324,875 tons ; and in Northampton county, 
322,882. The iron ore mines of Lehigh county having been 
all described in previous reports (D, D') need no further 
mention here. 

The villages and hamlets of the county will now^ be des- 
ignated in their respective townships, tirst along the Le- 
high river: — 

1, In Washington, 

Slatington, 2 miles south of the Water Gap at the mouth 
of Trout' creek ; at the great slate quarries.— ^(^r;i5 is a 
suburb on the north side of the creek.— The Lehigh and 
Berks railroad starts here, 

Slatedale, on Trout creek, 2^ miles west of Slatington. 

BallieV s furnace, on a north branch of Traut creek near 
the west township line, 4 miles west of Slatington. 

Treichler smile, (not the one at the bend of the Lehigh in 
Northampton county ; which is known on the Lehigh map 
as Kuntzford) 2 miles S. S. W. of Slatington. 
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2, In North WMtehall, ' 

Lawry's station^ on the L. V. RR. and river, at the 
mouth of Fell's creek. 

Whitehall^ at Siegfried's bridge, on the Lehigh. 

Coplay^ at the south-east corner, a mile above Hoken- 
dauqua on the Lehigh, already mentioned. 

Balliotsville^ in the center of the township. 

Ironton^ at the mines, 1 mile south of last, and at the 
end of the Ironton railroad from Coplay. 

Ruglisville^ on the south township line, 3 miles west of 
Hokendauqua. 

Siegersville^ on the south township line and on the Sie- 
gersville branch railroad to Orefield. 

3. In South Whitehall. 

Orefield, ^ mile S. of Siegersville ; end of railroad. 

Outhmlle, \ mile S. of Orefield, and on Jordan creek. 

Or acker sporty 1^ miles S. E. of Guthville. 

Iron Bridge^ where the Catasauqua and Fogelsville rail- 
road crosses the Jordan, 5 miles S. W. of Hokendauqua. 

Scherersville^ on the Jordan, 2 miles N. W. of Allen- 
town. 

Dorneysville^ on the Allentown railroad, 3 miles W. S. 
W. of Allentown. 

^. In Salsbury. 

Emaus, on the South-west township4ine, and East Penn 
railroad, A^ miles S. W. of Allentown. 

5, In Upper Saucon. 

Friedensvilley in the Saucon valley, 5 miles S. E. of Al- 
lentown. 

Saucon Valley, 2 miles W. S. W. of Friedensville. 

Centre Valley, on N. Penn RR., 2 miles S. of Friedens- 
ville. 

Goopersbnrg, \\ miles S. of Centre Valley. 

Locust, in south corner of township. 

LiineporL where the South Branch Saucon crosses line. 



INTRODUCTION. T>\ 11 

6, Lower Milford. 

OTiestnut Hill^ 1^ miles S. S. W. of Limeport. 
DilUngersville^ half way of the N. W. township line. 

7. Upper Milford, 

Vera Cruz^ 2 miles south of Emaus. 
Zionsville^ 2 miles S. W. of Vera Cruz. 
Schimesville^ 1 mile N. W. of Zionsville. 

8. Lower Macungie. 

Miller stown^ where East Penn RR. crosses Swope creek. 

Hensingersville^ 2 miles S. W. of Millerstown, and 1 mile 
S. of RR. 

Weilersville^ on the Jordan, 3 miles W. of Millerstown. 

New Texas^ 2 miles N. of Millerstown. 

Westcoevillej on AUentown RR., 5^ miles W. of Allen- 
town. 

9. Upper Macungie. 

Trexlertown^ on AUentown RR. at junction of Fogels- 
ville and Catasauqua RR., 8^ miles from AUentown. 
Breinigsmlle^ on K. RR., \ mile W. of Trexlertown. 
Kuhnsmlle^ on F. & C. RR., Smiles N. of Trexlertown. 
Fogelsmlle^ 2\ miles N. N. W. of Trexlertown. 

10, In Lowhill, 

WeidasviUe, on Jordan creek, in center of township. 
Lowhill P, 0., on Jordan creek, N. W. corner of town- 
ship. 

11. In Heidelberg. 

Pleasant Corners^ on Jordan creek, 1 mile from south 
line. 

Germanmlle^ on Jordan creek, 1^ miles above Pleasant 
Corners. Here the Lehigh & Berks RR. crosses the Jor- 
dan. 

12, In Lynn. 

Tripoli, on L. & B. RR., and Antelawny creek, 1 mile 
from east township line. 
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Lynnport, on L. & B. RR., and Antelawny creek, 3 
miles W. of Tripoli. 

Jacksonville^ 1^ miles W. of Lynnport. 

Steinsmlle^ on W. line of township, 2^ miles S. E. of county 
corner on the crest of the mountain. 

Lynnsmlle^ head of Kistler's creek, flowing west, and 
Switzer creek flowing east, 1 mile from south township line. 

IS, Weissenherg, 

Heiiiemansville^ in center of township. 
Helfrichsville^ in southern corner of township. 
Seipsville (another in Northampton co.) 2 miles east of 
Heinemansville. 

H. In Hanover^ E, of Lehigh river, 

Catasaqua^ at the north west corner. 
Bridgetown, a suburb of Allen town. 
West Bethlehem, a suburb of Bethlehem. 
Rittersville, 2 miles west from Bethlehem. 
Schoenersville^ on the county line, 4 miles north west of 
Bethlehem. 



Rivers and creeks. 
i. Of Northampton county, 

Saucon creek is the only important stream in Northamp- 
ton county which flows north. All the rest head near the 
Kittatinny mountain and flow south either into the Dela- 
ware or into the Lehigh ; and in doing so they flow out of 
the slate region into the limestone region ; and flow against 
the geology, for the general dip is northward, i, e., towards 
the Kittatinny mountain ; while at the same time most of 
the special local rock-dips are southward, i, e., from the 
mountain towards the rivers. This seeming paradox wiU 
be presently explained. 

The bend of the Delaware at Belvedere is a significant 
geological fact. From the Water gap to the Manunka 
Chunk bend the river cuts square across the edges of the 
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slate beds ; is then deflected S. W. and W. still in the 
slate ; and then swinging round S. W. and S. enters the 
edge of the limestone 200 yards above Belvedere. Just in 
front of the town it turns sharply S. W. and flows, in the 
limestone belt, to within 3 miles of Easton. Here it cuts 
diagonally through a spur of Scotts mountain, and gets 
again into limestone at Easton. The natural course of the 
river from Manunka Chunk would have been straight on 
S. S. E. across New Jersey by the line of the Warren RR. 
and New Jersey Central. But Scotts mountain stands in 
its way and it has to flow westward along the limestone val- 
ley to Easton. 

T7i€ bend of the Lehigh at Allentown is a repetition of 
the same story in a reversed sense. The river traverses the 
slate rocks at right angles, and enters the limestone belt 
above Hokendauqua. But here the limestone belt is broad 
and the south mountains still far off. The Lehigh there- 
fore keeps straight on to Allentown. Here it has to turn 
eastward and flow along the foot of the mountains to Eas- 
ton, keeping in the limestone rocks all the way. 

Richmond creek flows 7 miles across the slates and \\ 
miles across limestone to its mouth 3 miles below Belvedere. 
Martin! s creek drains the foot of the Kittatinny mount- 
ain, east of the Offset, by two converging branches, and 
flows southward 9 miles across the slates, and half a mile 
across the limestone, to its mouth in the bend of the river 7 
miles above Easton, and 6 miles below Belvedere. 

Muddy creek is 5 miles long and enters the river \\ miles 
below Martin's creek. 

Bushkill creek drains the foot of the Kittatinny mountain 
east and west of the Wind gap by two wide spreading 
branches, and after crossing 7 miles of slate and 5 of lime- 
ston, enters the Delaware through a rocky gorge in Easton. 
Manokesy river crosses the slate belt from the foot of 
the mountain in three branches, which unite in the lime- 
stone belt ; makes a great bend to the east to Hicktown, and 
then back to the west ; and enters the Lehigh river at Beth- 
lehem. Between Easton and Bethlehem, 10 miles, no stream 
enters the Lehigh from the north ; the limestone drainage 
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being all underground, and in the direction of the strike, 
parallel to the river. 

Catasauqua creek heads in the slate belt near its southern 
edge and Hows south, like the Monokesy, 6 miles across the 
limestones, and enters the Lehigh river 3^ miles above its 
AUentown bend. It thus makes a V with the course of the 
Lehigh across the limestone belt. 

Hokendauqua creek^ with its spreading tree of branches, 
drains the Kittatinny mountain slope from Point Phillips 
to Danielsville (8 miles E. & W.); flows south along a re- 
markably tortuous channel across the slates ; then 2 miles 
across the limestones, nearly parallel to the Lehigh ; and 
enters the river 3 miles above the Catasauqua creek, 6 miles 
above the AUentown bend. 

Indian a^eek is the main west branch of the Hokendauqua. 

Bertsch creek drains the slate belt at the north-west cor- 
ner of the county, southward, into the Lehigh atLockport. 

All these streams flow south across both the slate and the 
limestone belts. 

Slateford creek and 

Cohus or Jacobus creek in the north-east comer of the 
county, break the rule, and drain eastward into the Dela- 
ware ; the latter at Dili's ferry 3 miles below the Water 
gap. But its head waters flow from the foot of the mountain 
southward to a right angle bend in a prong of the New Jer- 
sey limestone which projects into Pennsylvania. Had it 
not been for this anticlinal prong of limestone Cobus creek 
would have flowed on south into Richmond creek ; and it 
is possible that it originally did so. But any such former 
channel was necessarily dammed by the great moraine^ and 
the creek now follows the outcropping limestone strata E. 
N. E. to the river. 

Saucon creek drains the various valleys between the South 
mountains south of the Lehigh, and the united waters issue 
northward at Bethlehem. 

Fry* s creek follows a limestone valley between two of 
the South mountains to the Delaware, 5 miles (in strait line) 
below Easton. 
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The mountain belt through which the river cuts from below 
Easton, southward, to the bend at Kintersville in Bucks 
county, where it enters the New Red country, consists of 
parallel anticlinal ridges of Lauren tian gneiss, separated by 
synclinal valleys of .limestone. The numerous hends of the 
river are caused by its repeated deflections (to the right) 
against the northern slopes of these ridges. The deflection 
of the river is usually at the junction of the underlying 
gneiss with Jhe overlying limestone. 

The Lehigh river behaves in the same way at Treichler's 
Station, 6 miles below the Lehigh Water gap. Here the 
river in its course across the slate belt meets upturned 
sandstone strata intercalated in the mass of the slates ; and 
the resistance of this sandstone to erosion has caused the 
river to bend to the left (East) and even double back upon 
its course for two miles ; then it turns sharply south, breaks 
through the sandrocks, and passes on across the rest of the 
slate belt. 

Tfte bend at Allentown in like manner is caused by the 
rising of the Potsdam sandstone formation No. I from 
beneath the bottom limestones of No. II at the foot of the 
South Mountain. This Potsdam no doubt once faced the 
whole slope of the mountain, and covered the summit ; for 
it is found on the southern side of the range both in Penn- 
sylvania and New Jersey. But all that now remains of it 
is a low outcrop south of the river and along the foot of 
the mountain in Lehigh county, as described in Reports. 
D, D", and in a subsequent chapter of this report. 

The Lehigh not only flows from Allentown to Easton 
against the face of the upturned Potsdam sandstone, but 
actually in a trough of Potsdam, containing limestone ; the 
only important deflection in. its course being its bend at 
Freemansburg, 3 miles below Bethlehem, around the west 
end of one of the South Mountain ridges. 

The BushJcill imitates the Lehigh by bending eastward 
as soon as it strikes Chestnut Hill, which is the west end of 
the northernmost of the New Jersey Laurentian highlands. 

Hokendauqua creek is deflected at Kreidersville by the 
southern slate edge of a small outlying limestone basin 
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(shown on the colored topographical map) along which it 
flows for some distance. 

The deflections of the Saucon are of a similar geological 
nature ; the main stream and its branches flowing some- 
times along the strike of the limestones, and sometimes 
cutting through the gneiss. 

The swamps of the northeast corner of Northampton are 
caused by Northern Drift as will be explained in a follow- 
ing chapter. 

The sirikholes of the limestone belt are merely surface 
entrances to an underground drainage system of communi- 
cating caverns underlying the whote of this part of the 
county. 

The most remarkable of them is one four miles north of 
Easton, and f mile west of Bushkill, where a road from the 
east meets the road leading due north to Stockertown. 

If the reader will mark the 350' A. T. contour line with a 
red or blue pencil he will see its form and character. Two 
shallow vales descend from the north and south-west and 
deepen into a valley descending east to the sink hole at the 
road. This valley, instead of opening into the valley of 
the Bushkill ends in two vales ascending northward and 
southward parallel to the Bushkill. A barrier of limestone 
like an artificial dam stops the valley short, and whatever 
rain w^ater falls must sink at the road and pass under this 
barrier to reach the Bushkill. That is probably the direc- 
tion of the underground drainage ; for the reader will notice 
five arrows on the map at the sink hole, showing that the 
limestone rocks dip north 38°, 47°, 48°, 64° increasing to 79° 
at the sink hole. There is probably a little fault or broken 
anticlinal here, which has caused the sink ; and which must 
govern the direction of the underground drainage. 
' The Bushkill bed is here say 275' A. T. The top of the 
barrier reads something over 350' A. T. The bottom of the 
sink hole hollow is say 295' A. T., that is, 20 feet higher 
than the bed of the Bushkill ; and 65 feet lower than the 
top of the barrier, 
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It is very evident that this little double-headed valley 
once delivered its rain water (for it has no constant stream) 
over the barrier into the Bushkill ; and that it has deep- 
ened its bed since the sink hole was opened at least 35 feet 
along a mile of its course and at least 55 feet at the sink 
hole ; how much more is uncertain. In the meantime how- 
ever, the Bushkill must have deepened its bed at least as 
much, and no doubt much more, because it is a large, rapid 
and sometimes a furious little river. If so, its bed ought 
once to have been higher, not lower ^ than that of the little 
valley. But again, if so, it becomes highly probable that 
the two heads of the little valley are really on the line of 
the ancient Bushkill, which then must have kept straight 
south (from its present bend ^ mile west of Stockertown) 
through the little valley to the west end of the Chestnut 
hill west of Seip's. Since then it has cut its wide curve, 
between the north and south cusps of which the supposed 
old channel makes a straight line. Still later in time the 
Bushkill changed its course again and cut its present gap 
through Chestnut hill. 

Another remarkable sink hole lies about a mile east of 
Catasauqua. The road from Howertown south to Bethle- 
hem descends from a knoll (375' A. T. ) 70' in a quarter of a 
mile, into a sort of ditch half a mile long, the bottom of 
which is at 305' A. T. Catasauqua creek near its mouth, a 
mile off, is 270' A. T. The ditch heads up suddenly in that 
direction (S. 53^° W.) against a barrier of limestone 355' 
A. T. In the other direction (N. 53^° E.) it runs on a mile 
and half, then bends to due north, runs a mile, and heads 
at the remarkable pimple hill of limestone mentioned in 
connection with the slate border. It is evidently the aban- 
doned valley of an ancient stream, which, flowing at a 
much higher level, entered the Catasauqua just above its 
junction with the Lehigh. The arrows about it all point 
south (not S. 36i E. as one might expect) and show dips of 
19°, 29°, 37°, 33°, 32°, 20°, 37°. An extensive group of ar- 
rows, a mile up the valley, where the Shoenersville road 
2— D*. 
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crosses it, all point sout/i {i. e, diagonally across it) and the 
dip varies from 18° to 26°. 

In this case the evidence of valley erosion is of the plain- 
est and most conclusive character ; for the slant of the val- 
ley south-westward is according to the universal rule of a 
stream undercutting the basset edges of strata presented to- 
wards it by a gentle dip. There is no appearance of an an- 
ticlinal, fault, or disturbance of any kind in the immediate 
neighborhood of the sink hole ; but the southward dips indi- 
cate both a synclinal to the south and an anticlinal to the 
north. Consequen tly north-pointing arrows are seen on the 
Catasauqua a mile north of the sink hole ; and on the Le- 
high a mile and a half north of the mouth of the Catasau- 
qua ; and up the sink hole valley \ mile north of Shoeners- 
ville. 

By connecting these groups of north dips, we get the axis 
of a great anticlinal on a nearly due east and west line, and 
see clearly that the little valley bends from south to south- 
west just where it cuts the axis of the anticlinal and begins 
to meet the upturned edges of the south-dipping rocks. 

T.hese sink holes are here described thus minutely to draw 
attention to the amount of erosion the limestone country 
has undergone ; the gradual lowering of its surface ; the 
innumerable changes in their course which all its flowing 
waters have made from time to time ; the capital r61e which 
the underground drainage has played in the drama ; the in- 
fluence which the broken anticlinals, faults and other local 
complications of the rock strata have exerted over both the 
underground and surface drainage ; and lastly (as will ap- 
pear more fully further on) the important bearing which all 
this has upon our views of the age of the Easton and Beth- 
lehem gravels ; the time of ice ; and the reasonable theory 
that the palaeozoic formations once covered the South Mount- 
ains. 

2. Streams in Lehigh County. 

The drainage of flve sixths of Lehigh county is directed 
to Allentown and passes through the gorge at the sharp bend 
of the Lehigh already described. • 
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The drainage of a northern belt of the slate region about 
4 miles wide lying along the foot of the Allegheny mount- 
ain is peculiar. Its eastern third drains east, by the two 
branches of TVout creek, into the Lehigh at Slatington ; its 
western third drains west, by the two branches of Antelawny 
creek, through Berks county, into the Schuylkill ; and its 
middle third drains south by the numerous head runs of 
the Jordan into the Lehigh at AUentown. 

The southern and central part of the slate regions, crossed 
by the valley of the Jordan, has its rainfall gathered in by 
side creeks from the right and left. Two small streams drain 
its eastern end eastward into the Lehigh above Etokendau- 
qua; and its western border drains westward into Berks 
county. 

The limestone region is scarcely drained by the Jordan, 
which merely meanders through it eastward to AUentown. 
Its eastern portion is drained eastward by Coplay creek in 
to Lehigh at Hokendauqua ; all its central, western and 
southern parts are traversed by the Little Lehigh, which 
has its head-waters in Berks county, and receives its south- 
ern affluents from the ravines between the South mountains. 

Such is a general outline of the drainage of the county. 
But certain features require special notice. 

1. The Kittatinny mountain is an unbroken barrier (west 
of the Lehigh Water gap) through which no stream flows. 
A steep south slope of slate, crowned witli a line of broken 
rock and occasional crags of Oneida conglomerate, carries 
its crest along at an even height of about 1500' A. T. in a 
straight line, S. 15° W. for 4^ miles to the first road which , 
leads over it from Balliot's furnace. Here is a deflection to 
S. 45° W. for 5 miles. Thence its course is straight S. 30° W. 
for 5 miles. Another deflection to S. 45° W. for 2 miles. 
Thence straight S. 25° W. for 5 miles to the Berks county 
comer ; and so onward. * 

Bake-oven Knob, 7 miles west of the Water Gap, is the 
only prominence which breaks the apparent dead horizon- 

* These courses and distanoes are not accurately correct, but wiU suffice to 
Ulustrate the general straightness of this mountain wall. 



20 W. REPORT OF PROGRESS. F. PRIME, JR. 

tality of the crest line. Although it is a notable object in 
the landscape, and affords a magnificent view of Carbon and 
Lehigh counties, it only rises about 100 feet above the gen- 
eral level of the crest or to 1,560' A. T.* 

Immediately under its precipices of rock a 7ial/ bowl has 
been scooped out of the southern slope of the mountain, 
which, if the erosion had not been stopped, would have 
located the Lehigh Water Gap here instead of seven miles 
iurther east, where it now is. This half gap is the more 
peculiar because it has scarcely made a notch in the crest of 
the mountain, and has no adequate representative on the 
north face of the mountain. Its origin is still a mystery. 
The eastern of the two head-brooks of the Jordan, heads 
just in front of it ; but so also does the northern branch of 
Trout creek. 

The Bear rock^ 2 miles west of the Bake-oven, is an- 
other precipice of Oneida rocks, at the crest of the mount- 
ain ; 1500' A. T. Here Schuylkill and Carbon counties cor- 
ner. 

Two slight depressions of the crest line occur where small 
mountain farms have been cultivated, and roads cross into 
Schuylkill county : one at the Widow Snyders 3^ miles, the 
other at Geo. Bremer's 5^ miles west of the Bear Rock ; the 
latter at the Berks county corner. The road which crosses 
the mountain half a mile west of the Bake-oven goes over 
the crest. But the road that crosses 2^ miles east of the 
Bake-oven finds the crest slightly lowered. 

A multitude of small brooks descend the slope of the 
mountain, most of which feed the northern branches of 
Trout creek eastward, and Antelawny creek westward ; 
only a few combine to start the Jordan in its southward 
course. 

2. The drainage of the northern belt of slate region can- 
not be understood without reference to a line of high hills, 

which traverse the slate region on an almost due east and 
west course represented by the Heidelberg-Lowhill town- 
ship line. 

* The orest overlooking the Water Gap from the west is given on the coun- 
ty map as 1450' A. T. 
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Shochary ridge is a continuation of this line westward 
through Lynn township ; its height is 800' A. T., but it cul- 
minates in the Donat-pig or SpUz-herg, on the Berks coun- 
ty line, 1,100' A. T., where the Antelawny creek makes a 
deep gap through it. In Berks county it forms a wide high 
ground and finally rises (to the usual height of the Kittatin- 
ny mountain) as the great spur which runs out east from the 
Schuylkill Water Gap at Port Clinton. 

The Jordan breaks through the Shochary ridge i mile 
above Lowville, where it is settling down to the general level' 
of the slate hill region ; but its influence on the drainage of 
of the county is no longer apparent. In fact this synclinal 
slate ridge as a distinct topographical feature may be said 
to stop at the Jordan ; for the waters between the Jordan 
and the Lehigh pay no regard to it. 

No such ridge occurs in other parts of the slate region, 
but a third feature of the topography must be mentioned 
which is of an analogous kind and influences the details of 
the drainage ; viz : 

3. Slate ridges in the limestone region. These spur out 
eastward from the main area of slate, and subdivide its 
north-western border into coves. 

These slate ridges and limestone coves distinguish Le- 
high from Northampton county. They are marked by the 
colors on the four sheet map of Lehigh county published 
with Report D' and described in the text of that report : 
1. The very small cove at Iron ton ; 2. the large cove in 
which Orefield, Rughsville and Mechanicsville are situated, 
occupying the country on both sides of the N. and S. White- 
hall township line ; and 3. the smaller cove of Fogelsville. 

Three spurs of slate separate these coves from one another 
and from the southern edge of the slate : — 1. the short spur 
of slate south of Iron ton ; 2. the slate ridge called HucJcle- 
herry ridge^ 4 miles long, lying due E. & W. in S. White- 
hall township, north of Crackersport and Kuhnsville; and 
3. the slate spur at the head of Breinig'srun and around 
which Spring creek bends 2 miles N. W. of Trexlertown. 
This spur has on its south side a knob called Haas hill. 



i 
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It is easy to see the effect of these synclinal relics of the 
slate formation, left in the midst of the limestone region, by 
noticing how Huckleberry ridge has stopped the southward 
course of the Jordan and sent it meandering eastward to 
Allentown. 

Each spur, as it joins the main body westward, widens 
by just so much the slate region, transferring its southern 
border southward, as the colored county map shows ; so that, 
while the whole slate belt is only 8 miles wide on the Le- 
high river, it is 12^ miles wide at the Berks county line. 
The whole of the four townships of Heidelberg, Lynn, 
Lowhill and Weissenberg lie entirely within the region of 
the slate hills ; the slate border running just outside the 
southern line of Weissenberg. 

The slate township Weissenberg is drained mostly east- 
ward by Switzer run and Lyon creek and Haasen creek into 
the Jordan ; but its southern edge drains southward and 
westward by Schaeffer's run ; and its northwestern part by 
Maxatawny head waters south westward into the Schuylkill. 

3. The three geological regions, 

A. Northampton county, 

Northampton county is divided into three parallel belts 
of country, or regions : — 1. The northern slate belt about 7 
miles wide ; 2. A middle limestone belt about 7 miles wide ; 
and 3. A southern granite (properly syenite) or gneiss belt, 
about 5 miles wide, within the county limits, but about 7 
miles wide including what of it lies in Bucks county. 

The northern and middle belts together occupy the whole 
width of the Great or Kittatinny Valley, between the North 
or Kittatinny mountain and the South Mountains or Dur- 
ham and Reading hills. These last form the third or south- 
ern, syenite, mountain belt. 

The Kittatinny Mountain, 

The Kittatinny mountain^ which forms the northern 
edge of the northern division or slate belt, is the first of the 
Appalachian mountains which the traveler from south-east- 
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ern into middle Pennsylvania encounters after crossing the 
Great Valley. Kittatinny is supposed to be its name in the 
language of the Lenni Lenape or Delaware river Indians.* 
The early settlers of the Great Valley on the Lehigh, Swa- 
tara and Yellow Breeches waters called it the North mount- 
ain, because it bounded their horizon on the north ; and also 
the Blue mountain because of its bluish tint when seen from 
the southern side of the Great Valley. These are its com- 
mon names. But the hunters who ascended the Lehigh, 
Schuylkill, Swatara and Susquehanna rivers found other 
similar mountains behind it, and numbered them accord- 
ingly ; calling theBlue mountain the First mountain, and 
the mountain back of it Second mountain. The term First 
mountain never came into use, but the Second mountain at 
Mauch Chunk, Pottsville and Harrisburg has retained its 
name and has never been called by any other. The Third 
mountain, ending east of the Susquehanna river, is also 
known by that appellation in Dauphin county, but becomes 
Sharp mountain in Schuylkill and Carbon counties, and its 
eastern end is Mt. Pisgah on the Lehigh. The Fourth 
mountain on the Susquehanna became Petef s mountain. 
A corresponding mountain on the Lehigh, but not the same, 
is called the Nesquehoning mountain. 

TJie Kittatinny mountain is a ridge of sandrocks which 
slope from 30° to 60° northward ; its crest a nearly hori- 
zontal line, everywhere about the same height (1500 to 1600 
feet above the sea) ; its brow, overlooking the valley on the 
south, an unbroken line of Oneida sandstone cliffs, about a 
hundred feet high, below which is a continuous regular 
steep slope of Hudson river slate, the surface of which is 
covered with fragments from the cliffs above. The backside 
of the mountain in Carbon and Monroe counties is a gentler 
but still pretty steep slope of outcropping Medina sand- 
stones and shales, down to the still higher Clinton red shales 
in the bottom of the narrow valley of the Aquanchicola and 
Cherry creeks. 

The structure of the mountain, — All the formations in 

♦The Great Valley is caUed the Kittatinny Valley in the reports of the First 
Geological Survey, and the mountain may have been named after the valley. 
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the mountain dip one way, northwards, and therefore over- 
lie the Hudson river slat^ formation of Northampton county. 

This structure is shown in the Delaware and Lehigh water 
gaps, maps and sections of which on a large scale and in 
great detail are published in the Report on Pike and Mon- 
roe (Gr', 1882, ) to which the reader is referred. * 

The general stmight course of the Kittatinny mountain 
upon the map is an evidence that the dip of its rocks is 
everywhere nearly alike ; and what irregularities are no- 
ticeable in the course of the county line, which has been 
located along its narrow and rocky crest, are partly due to 
some slight local increase or diminution in the angle of the 
dip, and partly to the fact that sometimes one and some- 
times another of its great sandrocks forms the crest. 

But there is one place where the north dip rises again as 
a south dip and then rolls over again to a north dip in the 
body of the mountain. This anticlinal roll comes from 
New Jersey, where it elevates a belt of limestone to the 
surface, throwing the overlying slates to the north and south 
with opposite dips. As the roll dies down westward the 
limestone belt comes to a point and the slates (dipping N. 
and S.) close over it. The axis of the anticlinal passes on 
'westward up the little valley of Offset creek, at the head of 
which (seven miles west of the river) the sandstones of the 
mountain close over the slates. 

Offset mountain is merely a basin of the sandrocks left 
in the synclinal trough south of the anticlinal axis ; and 
the offset in the county line east of the Wind gap was 
made by the land surveyors in their effort to keep upon the 
crest of the mountain, by ruijning across from the sandstone 
outcrop south of the roll to the outcrop of the same sand- 
stone north of the roll. 

Similar hooks in the North mountain occur in Schuylkill, 
Lebanon, Dauphin, Cumberland and Franklin counties ; 
and are all made alike ; only that those west of the Sus- 
quehanna point west. To explain this difference is not es- 
sential to the purpose of this report. It is enough here to 
point out the connection between the Offset mountain at the 

*See section (piige plate) in Mr. Chance's report farther on. 
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Cove behind it with the changes of dip in the slate rocks 
observable along the Delaware below the Water gap ; and 
also that the slight changes in the course of the mountain 
as it approaches the Lehigh river are connected with rolls 
in the slates north of Rockville, Lehigh township, and with 
rolls in Rocky ridge behind the mountain in Carbon county. 

There is a little offset also produced by a small anticlinal, 
midway between Tot' s and Fox' s gaps, i. e. , 3 miles west of 
the Delaware Water gap. 

There are at least five places along the crest of the Kitta- 
tinny mountain where it is notched, viz : — 

Tofs gap^ 2^ miles west of the Water gap. 

Fox^ s ffap^ one mile west of Tot' s gap. 

Wind gap, 11 miles (straight) west of the Delaware 
Water gap. 

gap, six miles west of the Wind gap. 

Little gap, four miles east of the Lehigh gap. 

The Wind gap is a curious notch in the mountain, about 
500 feet deep, at a point 11 miles from the Delaware water 
gap and 16^ miles from the Lehigh water gap. The earliest 
direct road from the Moravian settlements at Bethlehem 
and Nazareth northward into the wilderness toward the 
great lakes and Canada, followed a more ancient Indian* 
war trail across the mountain through this gap ; and this 
road became afterwards the North and South turnpike, 
which forks in Monroe county at Fennersville. A railroad 
line has been located through it, and the highest R. R. grade 
level in the gap is 978' A. T., the crest of the mountain east 
and west of it being about 1500' A. T. 

The southern approach to the Wind gap is up a gently 
sloping plain of loose rock and sand which has the appear- 
ance of a fan-shaped delta deposit, and seems to suggest 
that the ocean once stood as high as the floor of the gap 
covering all Pennsylvania and New Jersey up to the mount- 
ain ; and that a violent stream of water issued from the gap 
and spread its coarse deposits out in front of it. It is re- 
markable that the largest stream of Northampton county, 
the Bushkill, heads at the Wind gap. 

But if any such submergence of the continent took place 
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it must have been of short duration ; and the flow of water 
through the Wind gap, however violent it may have been, 
did not last long enough to cut through the mountain to 
its base, so as to establish a permanent water way. We 
know of only one age in which such an event could have 
occurred, and that was the age of ice, just before the ap- 
pearance of mankind and the present races of animals. 
This however may suffice to explain the Wind gap. It is 
certain that America was covered with moving ice as far 
south as the great moraine, or ridge of loose rocks and sand, 
on which the village of Portland stands, in Upper Mt. Bethel 
township, and which has been traced across New Jersey, 
eastward, and across Monroe county northward and west- 
ward into Carbon county, and so on north-westward by Bir- 
wick, Ralston and Olean to Salamanca in western New 
York, and then down past Franklin and New Castle to the 
Ohio river.* 

There is however no direct evidence that the front of the 
ice which made the great moraine reached to the Wind gap ; 
although it covered the mountain east of the offset, and 
stopped up the Delaware water gap. But the moraine en- 
circles lake Poponoming, which is only 3 miles north of the 
• gap. In the absence of any barrier across the Aquanchi- 
cola valley to the west it seems impossible that the glacial 
waters could have been so jammed back as to flow through the 
Wind gap.; and as we cannot prove that the Wind gap is 
not as old as the Water gaps its connection with the neigh- 
boring glacial phenomena must remain yet for a time in 
doubt, and the real cause of its existence unknown. It is 
a unique and exceedingly interesting fact in the topography 
of Pennsylvania. 

The Kittatinny mountain in its course along the north 
of Lehigh county has already been sufficiently described. 
It resembles in all respect that part of the mountain east of 
the Lehigh river, except in the absence of anticlinal hooks. 

♦See Report G^ on Pike and Monroe; and Report Z on the Terminal Mo- 
raine ; also tJie geological reports of New Jersey. 
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/. The northern or slate region. 

The slate belt of Northampton county stretches from 
the Delaware to the Lehigh for seven miles south of the 
mountain. It is region of low flat-topped hills, trenched 
by a multitude of small valleys, and when looked down 
upon from the mountain, appears like a great plain, which 
it really is. Its southern border, a nearly straight line from 
Belvedere to Hokendauqua, is a sort of low wall overlook- 
ing the lower and flatter limestone plain to the south of it ; 
and out of this border wall break the various streams al- 
ready enumerated. 

The slate hills along the border only are contoured on 
the geological six sheet map accompanying this report ; 
and it will be noticed that their summits seldom reach 700' 
above tide ; most of them range from 600' to 7.00' A. T. 

This may be taken as the general elevation of the whole 
Slate belt up to the foot of the mountain ; and therefore 
the Wind gap has been cut down to within 250' or 300' of 
the plain ; while the crest of the mountain runs from 700' 
to 800' above the plain. 

The streams which traverse the plain have cut narrow 
channels in it about 200 feet deep ; and the side slopes of 
these channels are commonly steep and rough, sharp ribs 
of slate rock sometimes standing out upon them, showing 
dips at all angles to the horizon. But such exposures are 
rare ; the rule is that the cross cleavage of the elate rocks 
has permitted them to be weathered into fine pieces, which 
smooth oflf the slopes, and at the same time covers the up- 
land with a thick layer of clay soil. This has been in- 
creased by the frequent close plication of the rocks into 
numerous narrow rolls and troughs, running parallel and 
close together, and sometimes overturned and pressed flat. 
It is impossible therefore to make out much of the struc- 
ture of the country ; for all that is seen of the rocks is along 
three or four railroads, and at the slate quarries. The 
larger synclinal troughs are marked, however, by rounded 
ridges which run along the belt, sometimes separated from 
6ach other and cut through transversely by narrow i*avines. 

Railroad levels along the Manocacy from Chapmansville 
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to Bethlehem will serve to show the depth of the valley and 
the rate of its fall. 

Lehigh and Lackawanna railroad. 

Windgap, turnpike summit (above tide,) 978' 

Chapmansville, 6 miles south of mountain orest, 576' 

Bath, 8 miles below Chapmansville, 423' 

Clyde, 2 miles below Bath, 862' 

Steuben, 2 miles below Clyde, 838' 

Brodhead, 2 miles below Steuben, 313' 

Reiter, 1 mile below Brodhead, 299' 

Shimer's, 1 mile below Reiter, 289' 

Peter's Mills, 266' 

Bethlehem junction, 4 miles below Shimer's, 240' 

At Bath the Manocacy breaks out of the slate hills on 
the limestone plain, and the map shows the hill tops at Bath 
to be nearly 700 feet above tide and the water bed of the 
Manocacy a little over 400 feet above tide — depth of Man- 
ocacy valley at Bath 300 feet. 

The Delaware and Lehigh rivers cut deeper into the slate 
plain, as the following tables will show. 

At the Delaware water gap. 

Kittatinny Mt. orest, east of gap,* 1687' 

Kittatinny Mt. orest, west of gap,* 1480' 

Hill-tops of slate west side of river,* 640' 

Delaware water gap R. R. station,! grade, 319' 

Low water at Indian ladder in the gap, § 291' 8" 

Portland R. R. station, grade, f 291' 

Delawafe bridge R. R, station,! grade, 293' 

Newton and Belvedere R. R. junction, grade, J 276' 

. Manunka Ghunls: R. R. station, grade,** 323' 

Manunka Chunk river water level, ft 265' 

Belvedere R. R. station, grade, :|: 286' 

Belvedere R. R. station, grade,*** 271' 

Belvedere, river water level, ft 235' 

Philipsburg, (opposite Easton,) river water level, tt . . 160' 

The slate hills along the Delaware are therefore about 
400' high above the river, but become 600 feet at the foot 

* From Mr. H. M.- Chance's contoured map in G^. 

t Delaware, Lackawanna and Western R. R. Table 90, N. 

§ S. P. Schemerhorn, quoted by I. C. White in G^^ p. xxiii. 

X Table 89, Report N, 1878. 

** Philadelphia and Trenton (Belvedere and Delaware) R. R. Table 88, N. 

tt Table 84, N. 
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of the mountain, and the top layers of the slate formation 
crop out under the Oneida cliffs near the top of the mount- 
ain at an elevation of 1180 A. T. 

At the LeMgTi water gap, 

Kittatinny Mt. orest east of the gap,* 1505' 

" " west of the gap,* (highest, 1525',) . . . 1385' 

Slate hUl east of the river,* (knob,) 6S5' 

" westof the river,* (gradual slope,) .... 

Water level of river,* 366' 

Lehigh gap station, grade,! 8^ 

Slatington " 365.7 

Laury's «* 329.2 

Whitehall « 301.1 

Coplay « 296 

Hokendauqua « 294.9 

Oatasauqua <* 282.5 

Allentown " 254 

East Penn R.R. junction " 258.8 

North PennR.R. junction " 237 

Bethlehem « 235.3 

Freemansburg ** 225.9 

Redington «• 211.5 

Easton « 210.6 

Philipsburg " 220 

Water in the river at Easton, 160 

Lehigh and Susquehanna R,R, 

Lehigh gap station, grade, 392.73 

Walnut Port " 371.43 

Lockport «« 356.42 

Treichler's " 343.95 

Siegfried's bridge " 315.03 

Laubach's " 303.82 

Upper Catasauqua " 283.53 

Lower " " 271.02 

Allentown «« 267.23 

Bethlehem junction «* 239.35 

Bethlehem " «« 235.54 

Freemansburg *« 221.78 

Hopes «« 219.51 

Glendon «* 216.06 

Easton " 215.1 

Phillipsburg •* 217.4 

Railway grade in the Lehigh gap is 80' higher than rail- 
way grade in the Delaware gap, (389'— 319=80'.) But the 

* H. M. Chance's map, in G^. 
t Table 74. 
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deeper cut of the greater river is what might be expected, 
setting aside any effect due to the northern ice passing over 
the gap of the Delaware and not reaching that of the Le- 
high, 

Tlie southern border of the slate belt. 

The following measurements show how the border of 
slate hills overtops and looks down upon the the limestone 
l)lain. 

The slate hill-top southwest of Kreidersville and between 
Hokendauqua creek and the Lehigh, is 560' A. T. That 
over which road from Kreidersville goes southeast to How- 
ertown is 590' at the road, 630' a furlong east of the road, 
and 660' at Seemsville. 

The Hokendauqua flows between them at 330' A. T. 

The nose IJ miles on the road south from Seemsville is 
565' A. T. 

The road east from Seemsville crosses a nose 620', and an- 
other 600', and then the ravine of Catasauqua creek (1 m. 
from Seemsville) at 345' A. T. 

The round- topped hill just south of this is 645' A. T., 
and the hill still further south, just on the edge of the 
limestone, 555'. 

The high knob SJ miles east of Seemsville and just 1 
mile north of Jacksonville rises to 730', the limestone being 
only 460' at the cross roads in Jacksonville, but rising to 
520' on the slope of the slate hill. (One mile S. W. of 
Jacksonville is a curious little knob of limestone like a 
pimple on the plain, its top 440'. The arrows show dips in 
all directions from it.) 

The knob f mile west of Bath is 680' A. T. half sur- 
rounded by limestone at 430'. (Here the very steep hill 
slopes show how the slate formation lies like a cake upon 
the limestone.) The Manocacy creek at Bath bridge is 420', 
and the limestone runs up north into the slate region. 

The hill top li miles east of Bath is 610', and the edge of 
the limestone on its short south slope comes up to 530'. 

The next slate hill east is only 560' and the next 560', 
with still lower slate noses approaching Nazareth ; east of 
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which the contour lines were confined entirely to the lime- 
stone for economical reasons. 

This sufiices to show that the slate hill-tops along the 
border overtop the limestone plain by about 200'. But the 
border line, although straight on a map of very small scale, 
is really very much notched on a map of very large scale, as 
we should expect it to be, seeing that the slate formation 
lies practically horizontal upon the limestone formation, al- 
though both of them are excessively crumpled into minute 
local folds. 



In LeTiigh county the border hill-tops of slate show about 
the same relation to the limestone coves and plain, in re- 
spect of altitude, as in Northampton county. Thus : 

Back of Whitehall (Siegfried's bridge) rises an almost 
isolated slate hill to 610'. 

Two miles west of Whitehall is a line of slate knobs, 
isolated by the brook that heads up at Treichlersville, which 
measure respectively (going west) 520', 650', 640', 610', 620', 
640' A. T. The limestone comes up on their south slopes to 
a maximum of 550' ; but the plain is about 450° A. T. 

At Ballietsville the hill rises west to 680'. 

One mile west of Ironton the road goes over the hill-top 
at 630'. 

At Schnecksville, in the slate region, a mile back from 
the limestone, are summits of 680' and 690', 720', and 640'. 

A mile west of Siegersville the knob on the north bank 
of the Jordan is 590' ; that on the south, 640'; while the 
edge of the limestone in the cove at their east foot is cut 
down by the Jordan to 340' ; but rises northward past Siegers- 
ville to its edge at 600'. In the center of the great cove the 
highest limestone hill east of Siegersville (1 mile) is only 
490'. 

Huckelberry ridge has a long straight narrow horizontal 
top of slate a mile long 580' A. T. At Sneidersville it gets 
to an elevation of 650' ; and the hill top 1 mile west of 
Sneidersville is also 650'. 

The third slate spur, 2 miles N. W. of Trexlertown, has 
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its top at 640' A. T. ; the edge of the limestone in the cove 
north of it being at 550, and south of it at 520' ; while the 
limestone floor of the cove is only about,450' ; and the little 
limestone swells around Breinigsville 420' and 430'. 

Two miles W. N. W. of Breinigsville the isolated slate 
summit is 610' ; the limestone in the ravine to the north, 
which cuts it off from the main body of the slate, is 520'. 
And so on over into Berks county. 



The nonconformity of the slate formation upon the lime- 
stone formation is suggested topographically at many points 
along the border which has just been described ; but there 
is no entirely satisfactory evidence of nonconf ormability be- 
tween the two formations, or anything to show positively 
that the limestones were first crumpled, must less eroded, 
and then the slates deposited upon them. 



A nonconformity of the Oneida conglomerate, No. IV, 
upon the top of the Hudson river slates, No. Ill, has fre- 
quently been asserted. In Pennsylvania they appear to be 
quite conformable ; no ei'osion of the uppermost slates of 
III previous to the deposit of the conglomerates and sand- 
stones of IV having been noticed. 

At the Rondout quarries in New York the Helderberg 
limestones seem to lie upon the upturned edges of the Hud- 
son river slate. At Catskill village they appear to lie direct-, 
ly but conformably upon the slate. 

Mr. Davis in his recent beautiful memoir (quoted in G") 
states in his text and shows in his sections an apparently 
perfect conf ormability of the Lower Helderberg limestones 
(No. VI) upon Hudson river sandstones and slates (No. Ill) 
in the vale of the Cattskill, a mile or two back from the 
Hudson river ; with an apparent total absence of the (7Zm- 
ton (V), and the Medina and Oneida (IV) which usually 
intervene. 

Although the district of country in which these phenom- 
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ena present themselves is small, yet, out of these local phe- 
nomena an hypothesis has been framed and made to apply 
to a thousand miles of the continent, viz : that the Hudson 
river age closed not merely with a disturbance of the relations 
of land to sea, resulting in the shifting of coasts and the 
deposit of gravels and sands, (which might be easily ad- 
mitted,) but with huge elevations and upturnings of the 
sea-bed, extensive erosion, and the deposit of horizontal 
upon vertical strata. 

To this I object: 1. the almost universal conformability 
of the Oneida upon Hudson river formation; 2. the ab- 
sence of pre-oneida plications ; 3. the impossibility of ob- 
taining the principal materials of the O/ie/^ conglomerate, 
out of a:ny known Hudson river strata; 4. the fact that 
Oneida deposits still remain far south of the Hudson river 
belts (as at Greenwood lake in New Jersey) ; 5. and above 
all, the fact that at the Schuylkill Water Gap, where the 
Oneida rests at right angles on the apparently eroded edges 
of Hudson river slate, there is in reality a snapped anticli- 
nal and downthrow of the slates, and no unconform ability 
at all. 

Mr. Davis shows the Lower Helderherg conformably over- 
lying Hudson river ^' sandstones ^^^ in a synclinal. 

At first glance this would seem to settle the question of 
land elevation and subsequent subsidence ; and he there- 
fore speaks of a long interval of time (Oneida, Medina and 
Clinton ages) during which no deposits took place. 

But a moment's consideration will serve to show the un- 
certainty of this kind of evidence. For, during all these 
ages it no doubt rained as often as it rains now ; and if so, 
all land surfaces must have suffered erosion ; and yet the 
slates in his Catskill section are not eroded ; they could not 
therefore have been rained on ; L e., they could not have 
been above water. 

The alternative is to imagine a stoppage of deposit witJt- 
out elevation of sea bottom. This is not impossible, but 
very improbable. For, the Oneida was heavily deposited 
a few miles west of Newburgh, and from there on for hun- 
dreds of miles westward and south-westward. 
3— D'. 
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An easier liypothesis would be to consider the ''Hudson 
river sandstones" which lie beneath the limestones, to be a 
finer part of the same deposit as the Oneida and Medina 
conglomerates and sandstones elsewhere. 

But there is another alternative: to consider the close 
proximity of vertical and overturned strata between the 
quarry and the banks of the Hudson. The crumpling which 
Mr. Davis so eloquently describes and so artistically por- 
trays has been produced by the sliding down upon itself 
and mashing together of the still moist formations on the 
western slope of the Hudson river uplift. Precisely simi- 
lar crumplings characterize the same limestones all along 
the north foot of the Medina-Oneida mountain range 
through New York, New Jersey and Pennsylvania. And 
it is in front of these crumplings at the Delaware, Lehigh 
and Schuylkill water gaps that the great faults occur which 
plunge the edges of the slates underneath the upturned 
bottom of the conglomerate. 

It should be kept in mind that our massive formations 
(XII, X, IV) act independently of the softer formations be- 
tween them, preserving their own larger- plications intact 
and for themselves, and comi)elling subjacent and super- 
jacent formations of inferior tenacity and greater ductility 
to conform to limited spaces by crumpling and sliding. It 
is quite possible that the faulted edges of the missing rocks 
may lie deeply buried. At all events, such is not so violent 
an hypothesis as that the Hudson river slates remained two 
or three geological ages out of water without suffering the 
least erosion. 

Non-conformity of IV upon III has been argued from the 
presence of pieces of slate in IV. But there are also dis- 
tinct bands of intercalated slate between the sandstones. 
Even supposing fragments of foreign slate, they could not 
come from neighboring Hudson river outcrops. For, if the 
Gneida was deposited over the whole region of Northern 
New Jersey as far south as Greenwood lake, how could 
any shore produced by an upheaval at the close of the 
Hudson River age, be near enough to furnish such mate- 
rials as those of which the Oneida is composed ; and how 
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could "pieces of Hudson river slate" possibly get into the 
Oneida deposit ? 

But the most complete evidence that there was no change 
in the relations of land to water at the top of the slate for- 
mation No. Ill, and before the deposit of the great sand- 
rocks of No. IV, comes from the shape of the Kittatinny 
mountain along its whole line from the Delaware water gap, 
past the Lehigh water gap, to the Berks county corner, and 
far beyond. Any erosion of the slate formation previous 
to the deposit of the Oneida sandstone beds would have 
made the outcrop of the latter very irregular. It is, on the 
contrary, remarkably regular ; and the synclinal sandstone 
crest in the Offset lies quietly in a synclinal of slate ; all 
the rocks dipping in conformity. Any slight difference in 
angle recorded in the water gaps between the sandstone beds 
above and the slate beds on which they rest must be due 
either to imperfect instrumentation ; or to the concealment 
of the actual plane of contact ; or to the inevitable slip of 
the upper rigid mass on the lower flexible mass in the pro- 
cess of uplifting the whole 30° or 40° from the horizontal. 
When this uplifting reached 90"" at the Schuylkill water gap, 
a great fracture took place, and the whole sandstone mass 
shot upright into tjie air, grinding the edges of the slate 
mass, which remained nearly horizontal, to a smooth plane. 

The same sort of movement is seen to have taken place 
at the Lehigh water gap, and no doubt occurred at many 
other places along the contact. (See Mr. Chance's sections 
further on.) 

Along the whole range of mountain in Northampton and 
Lehigh counties, the upper limit of the slates rises to the 
top of the long slope, to within about 200 feet of the actual 
crest of the mountain, where the cliffs of Oneida commence. 
Downwards the mountain slope dies away in the slate plain, 
chiseled by a thousand brooks which collect the rain water 
and continue the operation of lowering gradually the gen- 
eral level of the slate belt. 

The character of the slate belt will be further illustrated 
in Mr. Sander's sjDecial report. Chapter II ^of this volume. 
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//. The middle or limestone region. 

The limestone plain of Northampton county is about 7 
miles wide, and elevated, as the contours on the Six sheet 
map show, about 400 feet above tide ; its hill tops some- 
times reach 450'. 

This plain is intersected in every direction by gently 
sloping vales, mostly destitute of running water ; while sink 
holes show that a general system of underground caverns 
carries away the rain water to the beds of the two great 
rivers which enclose it. This would have been the case even 
if the limestone strata had remained from the beginning un- 
disturbed and nearly horizontal ; but the formation of in- 
numerable subterranean caverns has been greatly facilitated 
by the universal crumpling and folding to which the lime- 
stone deposits were subjected in remote times, probably at 
the close of the carboniferous age, when the continent was 
elevated, and the great anticlinals and synclinals of the Ap- 
palacian mountain country were produced. 

The folds in the limestone strata are like those shown 
by the sections as affecting the whole Slate belt, are due 
to the same general cause, and are as numerous and as 
sharp. They are well exhibited in the quarried cliffs along 
the Lehigh river, pictures of which were published in a 
previous report, D' pp. 52, 54, 56, 58, where the limestone 
beds are shown pressed up into a vertical attitude, and 
pushed over northwards into closely pressed down folds.* 
This action has broken the strata, permitting the rain water 
easy access to all the more soluble layers, to a depth limi- 
ted only by the lowest drainage level of the district, namely, 
the bed of the Delaware river below Easton, 160' A. T. 
Most of the caverns therefore, must be about 200 feet be- 
neath the surface ; and many of them may descend to much 
greater depths in the deeper folds ; because the excavation 
of limestone caves is not so much a mechanical as a chemi- 
cal process, and may be carried on by a syphon movement 
of nearly still waters, holding free carbonic acid, far below 
the hydraulic plane of mere mechanical drainage. 

* A very poor picture of an overturned and compressed fold in the slates 
near FoglesviUe, is given on page 47, Beport D. 
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This is an important part of the theory of erosion, which 
has not received that attention from geologists which it de- 
serves. There are no caves in the slate belt, because there 
is no such chemical erosion. The surface of the slate belt 
has been lowered gradually through all ages by the action 
of rain water upon its surface alone. The surface of the 
limestone belt has been lowered both by the rain water 
above ground, and by the falling in of the roofs of the cav- 
erns produced by chemical solution underneath ; the d6bris 
thus tumbling into the caverns being removed by the pow- 
erful streams flowing through the caverns. In the limestone 
belt the purely mechanical surface erosion is much less than 
in the slate belt, because so little water flows over the sur- 
face, what few brooks and creeks there are mostly disap- 
pearing into crevices and sink-holes. The superior energy 
of this chemical erosion is shown by the mere fact that the 
limestone plain, with all its advantages for resisting erosion, 
has actually been eroded 200 feet lower than the slate belt. 
This is wholly due to the formation and destruction of cav- 
erns. The limestone country, then, is worn away by the 
chemical solution of its more soluble beds, and the tum- 
bling in of the others; while the slate country is worn 
away by the mechanical cutting down and widening of ra- 
vines open to the air. The ddbris from both is removed by 
the powerful streams, above ground and under ground, 
swollen by rainy seasons, by the melting of snow, and by 
violent tempests. 

The old idea that the land surfaces have been produced 
by sea waves has been discarded ; and, with regard to the 
two plains of Northampton county, composing side by side 
the floor of the great Kittatinny valley, but the one 200 
feet higher than the other, it is evident that the ocean has 
had no hand in their formation. 

Drift deposits of the limestone belt. 

Professor Prime suggests in his- report a possibility that 
the remarkable general levelness of the limestone plain may 
be partly due to a drift deposit covering portions of the 
belt, concealing rocks, rendering it impossible to observe 
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outcrops, to take dips, and consequently to ascertain the 
structure. 

This drift deposit must not be confounded with the 
'' Northern DrifV^ which covers New England, New York, 
New Jersey and Pennsylvania down to the line of the Ter- 
minal Moraine, and so far as Northampton county is con- 
cerned the slate country between Belvedere and the Blue 
mountain. 

The drift deposit which helps to give a plain-like aspect 
to the limestone belt is not unstratifled glacial moraine 
matter^ but is a superficial bed of stratified sand and gravel 
distributed by and in water. Prof. Prime describes it thus : 
"Where the rock outcrops are scarce or wanting, the road 
is usually found traversing gravel, sand, fine clay or quartz 
bowlders," the study of which is '^extremely diflicult and 
unsatisfactory, owing not so much to the paucity of the ex- 
posures as to the extremely limited depth to which any of 
these exposures has been opened." On this account and 
because of the uncertain horizontal extent of area covered 
by such deposits where they were noticed it was thought 
best not to attempt any representation of them in color on 
the Six sheet map, except at the only two typical localities 
where they are artificially shown to advantage, viz: on the 
hill top at West Bethlehem and on the hill top at Easton. 

RaiiclC s sand and gravel jnt at West Bethlehem shows 
alternate layers of sand and of mixed sand and gravel. 
The gravel is a heterogoneous mixture of rocks in which 
those of a quartzose character naturally predominate. There 
are rounded pebbles of Oneida conglomerate and Medina 
sandstone from the ribs of the Kittatinny mountain ; of 
OrisTcany sandstone from the Walpack- Godfrey ridge at 
Stroudsburg, or Kocky ridge north of the Lehigh Water 
Gap ; of grey and red CatsJcill sandstone, either from Pike 
county or else from the Second Mountain on the Lehigh 
above Perry ville in Carbon county; and even of Mauch 
ChunJc red shale. 

Were these last correctly identified with certainty the 
whole deposit would have to be referred rather to waters 
descending the Lehigh valley than to waters descending the 
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Delaware valley ; for no MaucJi CJiunJc red shale (Forma- 
tion No. XI) is to be found in Pike and Wayne counties, 
nor in New York on the east side of the Delaware river. 
But there are red shales in the Pocono (No. X) and Catts- 
kill (No. IX) which resemble those of No. XI. Therefore 
the original home of the deposit remains doubtful. 

Mixed with the above mentioned pebbles, however, are 
more angular though somewhat rounded specimens of lime- 
stone, brown hematite iron ore, and flint. These probably 
belong to the limestone belt itself in which the deposit lies. 
But even if so, they might be conjectured to come from 
northern New Jersey on the one side, or from Lehigh county 
on tlie other. Their angularity however is an argument 
against their having come from any great distance. 

The flints indeed might possibly come from the outcrop 
of the Corniferous limestone at Walpack bend. It is a 
massive formation eroded bv the south bank of the Dela- 
ware river all the way from Port Jervis to Walpack bend, 
and continuing westward past Strousburg, must have fur- 
nished flints in abundance to the lower country of eastern 
Pennsylvania. On the other hand the Corniferous outcrop 
on the Lehigh in Carbon county is only 5 feet thick ; so 
that if the flints be really Corniferous they favor a refer- 
ence of the deposit to waters descending the Delaware. 

Angular or flat pieces of syenitic rock are also occasionally 
seen in the deposit. This is a very remarkable fact, and it 
calls for special notice ; for they could not have come from 
Canada with the Northern Drift without being much 
rounded. It seems certain that they came either from the 
mountain side which rises opposite to Bethlehem and Eas- 
ton, at the foot of which the Lehigh river flows ; or from a 
hill of syenite which rises on the north bank of the Lehigh 
between Bethlehem and AUentown ; or from the syenite 
hill north of Bethlehem. In any case, the presence of even 
a few flat fragments of syenite in the drift deposit would 
seem to settle the question of its purely local origin. 

The mountain slopes of syenite opposite to Bethlehem 
rise southwards to summits 880' and 920' A. T. At the 
gorge through which the Lehigh flows, two miles above 
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Bethlehem, there is a ridge of syenite on the south 640' and 
another on the north 550' A. T. the distance being 2600' from 
summit to summit across the river, which flows between 
them at 220' A. T. Three miles north of the Lehigh at 
Bethlehem, the Manocacy cuts through a ridge of syenite, 
with Pine-top 600' A. T. and Quaker hill 600' A. T. as its 
two summits rising from the south-east bank of the creek, 
the bed of which is 280' A. T. 

The hill on which Ranch's gravel pit is, only rises to 320' 
A. T. the Manocacy at its base being 220' A. T. 

The gravel pit is about 25' deep, and under the gravel 
lies the yellowish clay characteristic of all decomposed 
limestone surface land, and under this again on the river 
slope crop out the limestone strata.'* 

The limestone upland on which Bethlehem is built is 350' 
A. T. in the town and rises northward east of the creek to 
380'. The hill-tops bordering the Lehigh on the north all 
the w^ay to Easton, are mostly marked upon the map 360', 
380' and 420', and those further north, from 400' to 460'. 

It appears therefore, that the gravel of West Bethlehem 
is of the nature of a patch of terrace deposit left uneroded 
on top of the bluff hill between the Manocacy and Lehigh, 
with its bottom layer only 75' and its top 100' above the 
present level of the river. Nor is it certain that any such 
deposit was spread over the general surface of the lime- 
stone belt. 

By terrace deposit^ however, must be understood either 
high flood river deposit ; or else, aacieiit abandoned high- 
level river -channel deposit. 

Much has recently been written, especially respecting the 
New England terraces, on the basis of a theory that the 
present river channels were invaded by deluges of waters 
at the close of the ice age, and that the terraces are the side 
fragments of vast dei)osits with which the valleys were then 
'tilled, the most of which were afterwards excavated and 
carried away. 

But the survevs of the western and northern counties of 
Pennsylvania have furnished pretty satisfactory data from 

*These are Proiessor Prime's data. See Mr, Lewis's below. 
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wliich to reject such a theory, and to support the view that 
the terraces are remains of river deposits previous to the 
lowering of the river-channels to their present level. 

The gravel deposit at Easton is a repetition of that at W. 
Bethlehem, and lies within two or three feet of the same ele 
vation ; which is a good argument, as far as it goes, that 
the deposit belongs to the class of river-terrace deposits. 

The streets of the west ward of Easton have been cut 
through clay, gravel and bowlders, in alternating beds, some 
of the bowlders being about the size of a half-bushel measure. 
The beds are apparently continuous. In some places there 
is nothing but gritty clay to a depth of 8 or 9 feet. The 
gravel and bowlders are all rounded, but not scratched ; and 
the mass is not of so heterogeneous a character as at W. 
Bethlehem ; but made up mostly of quartzose pebbles 
from beds in the Hudson river slates (No. Ill), Oneida and 
Medina sandstones (No. IV.)* 

The gravel seems confined to a slight depression 330' A. 
T. between the hill top 350' to the north-east of it and the 
long slope culminating at 390' A. T. on the road to Bethle- 
hem, half a mile west of it. The Lehigh water level is here 
160' A. T. So that the top of the gravel here is not 100' 
above river level as at Bethlehem, but 170', although it lies 
at almost exactly the same level above tide level. This fact 
seems conclusive against any theory referring these two re- 
markable gravel deposits at Bethlehem and Easton to river 
action on the supposition that at the end of the Ice age, 
when the change of climate took place, and the ice sheet 
was rapidly melted back, the effusion of glacial waters was 
so enormous as to flood the continent, and put the rivers so 
high as to overflow their side hills and spread abroad the 
waters over the back country. 

If the Lehigh river valley w^ere thus filled with a raging 
torrent to the height of the gravel patch at Bethlehem, it 
would not have been filled to an equal height at Easton. 
The difference of the levels in the river bed would be im- 
itated more or less closely by difference of level of the two 

♦Prof. Prime's description. 
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gravel patches. The slope of the bed of the Lehigh river 
would make the Easton gravel patch 220 — 160=60 feet lower 
than the Bethlehem gravel patch. Instead of that the two 
are at the same level. 

Even supposing that the confluence of two such floods, 
one descending the Delaware valley and the other the Lehigh 
valley, would lift the water level at Easton, and this effect 
would be assisted by the difficulty with which the combined 
flood would make its outlet between the mountains below 
Easton,^t is hardly possible to imagine that the levels of 
the two gravel patches 12 miles apart would be so exactly 
the same as they are, — especially when the narrow gorge 
just west of Bethlehem would have the same tendency to raise 
the flood level there. 

Nothing but a damming back of all descending waters at 
some point below Easton would suffice to give a general 
flood level of 320' at Easton and Bethlehem and everywhere 
else in Northampton county. But there is no evidence of 
such a dam, and no known means for producing it. 

Ice indeed would furnish such a dam. But the Terminal 
Moraine, which shows exactly how far the ice advanced 
south-westward and where it stopped, crosses the country 
12 miles north east of Easton. 

But even granting the possibility of such a dam, its only 
effect would have been to produce comparatively still water, 
which would not have the power to carry forward to any 
point such materials as compose the gravel patches under 
discussion. 

What other agent .than river flood then could have brought 
down from the back country so heterogeneous a mixture of 
outcrop fragments referrable to formations III? IV, V ? VII, 
IX and XI ? and deposited them on low hill-tops bordering 
the river? 

And what change of agency during the progress of the 
deposit is indicated by the fact that its upper part is clay, 
and its lower part gravel ? 

These questions may be answered thus : 
The LeMgh river bed may have been and we have good 
evidence thai it was at a higher level at the time the two 
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gravel patches at Bethlehem and Easton were deposited, and 
that it has cut down to its present level since the ice age. 

In fact this lowering process is still visibly going on. The 
only question is : how rapidly does it go on ? How long a 
time would be required for the Lehigh to lower its bed 100 
feet ? Could this have been accomplished by it since the 
ice age f 

No answer can be given to this question in terms of solar 
years, or centuries ; but in more general terms a very pre- 
cise and positive answer can be given to it, and in the affir- 
mative. 

Northern Pennsylvania is full of post-glacial valleys and 
rock cuts, excavated to considerable depths since the retreat 
of the northern ice. Many of the pre-glacial valleys were 
filled up by moraine matter brought forward by the ice. 
But while thus obstructing the ancient rivers, the ice greatly 
enlarged the volume and force of their floods, and enabled 
them to excavate for themselves new channels, at first 
through the mother rocks, and afterwards through the ob- 
structing drift. 

A flagrant example of this is furnished by the little con- 
tour-line map of the mouth of the Clarion river in Mr. 
Chance'sreport on Clarion county Report W, plate 3; de- 
scribed page 19. The old channel of the Clarion river, in 
the form of an S, crosses and recrosses the present nearly 
straight valley of the Allegheny river, near Parker, three 
times. The Clarion was in preglacial times the main river, 
and the Allegheny was a small stream heading up near 
Franklin, where a mountain barrier of Pottsville Conglom- 
erate No. XII cut off all the waters beyond and sent them 
northward into Canada, as Mr. Carll's reports first made 
known. When the Ice sheet appeared and choked with 
Drift the ravines leading into Lake Erie, the northern 
waters overflowed the barrier and cut a gateway for them- 
selves southward, into the little Allegheny branch of the 
Clarion, swelling it enormously, so that it cut its channel 
through the bends of the Clarion at Parker and has ever 
since then been the main river. The old gravel filled bed of 
the Clarion was left high and dry on the hill sides, the Clar- 
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ion itself grading down its own bed to suit the lowered bed 
of its f6rmer tributary, now its master. 

The observer can here measure the depth to which a great 
river has lowered its bed since the ice age. Mr. Chance 
writes : ''^The summit of this old valley [gravel] is about 
1090' above ocean level, or two hundred and fifty feet {250') 
more or less^ above low water in the Allegheny river at 
Parker r"^ 

In consequence of the activity of the Allegheny river in 
its new career of erosion all its great aflSuents from the east, 
including the Clarion river, were forced to deepen their beds 
by undercutting their cascades ; and this gives us other op- 
portunities for the study of post glacial erosion, and high 
gravels. 

Mahoning creeJc in Indiana county (see Mr. W. Piatt's 
Report, H*, p. 155) flowed in preglacial times around "the 
Cove," at Mahoning furnace, on a floor of rock 115 feet 
above the present water level. The Cove is merely the old 
bend of tbe stream now left high and drj^^ on the hill sides. 
Post-glacial erosion has left an island of limestone in the 
bend of the cove, overhanging the new channel. And both 
the top of this island (a table of horizontal limestone) and 
a promonotory capped with the same limestone near by^ are 
covered with a layer of old gravel 25 feet thick, ^ 

It seems as if this last case in Western Pennsylvania suf- 
fices to explain exactly Ranch's gravel patch on the hill 
top at West Bethlehem ; while the fact that the Easton 
gravel patch lies in a depression between two hill tops, 
agrees with the supposition that this depression was for- 
merly the actual water way of the Lehigh river. 

Should we seek an ancient channel for the Lehigh west 
of Bethlehem, the present channel would first offer itself ; 
but if another should appear to be shorter and more direct 
in its course and unobjectionable topographically, it must 
be preferred. 

A glance at the contour- line map will sufiice to show that 
were the present gorge below Allentown to be filled up to 

♦The Allegheny has subsequently refilled its new bed with 50 feet of new 
gravel. (VV, p. 19.) 
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a height of 365' A. T. (or 110' above R. R. grade at Allen- 
town station, Lehigh Valley railroad, 254' A. T.) the Lehigh 
would flow up the ravine east of Allentown, over the divide 
at Ritterville, north of the syenite hill^ directly to the 
gravel patch at West Bethlehem. It is pretty evident 
that when the Little Lehigh river established its lines of 
drainage it did not flow into the gorge between the syenite 
ridges now occupied by the Lehigh river, but made for the 
north side of the syenite ridge, over the site of Allentown, 
It did this, doubtless, to join the Lehigh flowing then east- 
ward by that old channel. 

The fall of the present river bed from Allentown to Beth- 
lehem, 5 miles, is about 20 feet, (taking the RR. levels as 
a guide, )=4' per mile. The fall of the canal level from 
Mauch Chunk to Easton, 46 miles, is 360'. 87, =7'. 85 per 

mile. 

Therefore when the ancient water level surface of the 

Lehigh at the West Bethlehem gravel patch stood at 320' 
A. T., it'Stood about 335' A. T. at Allentown, The Ritter- 
ville divide now stands at 360'+. If this be taken as the 
ancient course of the river, (and the map offers no other,) 
it is necessary to suppose a gravel deposit under or to the 
north of Ritterville, not merely 360'— 330'=30' deep, but 
30'4-27'=t: (the depth -of the gravel deposit) =57'=t: ; unless 
the river bed at Ritterville had a rock bottom and all its 
gravel collected in the dead water at West Bethlehem, 
where the Manocacy and Lehigh meet. In fact the gravel 
patch looks like the remains of just such a considerable 
river deposit as we know from a thousand examples is al- 
wavs made under such circumstances. 

An instance is just at hand ; viz. at Shimersville, two 
miles below Bethlehem, where the Lehigh river receives 
Saucon creek, through a large level-floored gap between the 
ends of two of the South Mountain ridges. The yellow 
color on the map shows what a broad level floor of detritus 
spreads out here ; and the contour lines of 230' and 240' A. 
T. surround it, showing that its general level is 30' or 40' 
above the present water level of the Lehigh. The time is 
sure to come when most of this deposit will be carried away 
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by the deepening of the Lehigh water way, and the conse- 
quent deepening of the bed of the Saucon, and of all the 
small water ways which lead into it. No doubt there will 
finally remain a patch of deposit in the center of the area 
south of Shimersville ; and this will very fairly correspond 
to the ancient gravel patch at Ranch's pits on top of the 
West Bethlehem hill. To see the resemblance between the 
two cases it is only necessary for the eye to follow the 320' 
contour line around Bethlehem and West Bethlehem, and 
see how it encloses what must once have been a similar 
plain at the junction of the Manocacy and Lehigh. 

The gravel patch at Easton looks like the fragment of an- 
other such gravel plain at the junction of the Lehigh and 
the Delaware. 

The Bushkill has evidently flowed through ancient chan- 
nels at a much higher elevation than it does now, and has 
changed its course repeatedly, and cut a recent gate for itself 
through Chestnut ridge, instead of flowing around the west 
end of the ridge as it had previously done. And all this 
without apparent interference from the moraines of the ice 
age no trace of which exist in this neighborhood. At least, 
such are the conclusions to be drawn from a study of the 
remarkable sink hole valley described already on page 16. 

We are relieved then of all necessity for inventing vast 
floods raging madly down the Lehigh valley, overtopping 
the side hills, and spreading over the back country. The 
parallel is perfect. For the localities of Parker and Mahon- 
ing furnace are as far south of the line of the temiinal 
moraine as the localities at Easton and Bethlehem ; while 
the post-glacial deepening of the Lehigh river bed, called 
for, is not 100 feet ; while that actually accomplished by the 
Allegheny river is more than double that amount ; both hav- 
ing taken place in the same length of time ; but the Alle- 
gheny river being much the larger of the two streams. 

We get, moreover, in this way a lucid explanation of the 
embarassing fact that only these two gravel patches are cer- 
tainly Jcnown to exist in the limestone of Northampton 
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county* ; and of the still more embarassing fact that both 
of them lie in positions least likely to afford them protec- 
tion, viz : on hill tops immediately overlooking the Lehigh 
river. For these are the very phices where patches of an 
ancient elevated bed of the Lehigh should be looked for ; 
and as the river cannot have meandered vaguely over the 
limestone belt, but must have clung to the South Mountain 
slope, we have no call to look for fragmentary patches of 
its old channel at any distance north of its present banks.f 

We may dismiss then the idea that the general flatness of 
the limestone belt is due .in any respect to a supposed cover 
ing of any kind of local drift; and if there actually exist 
patches of sand and gravel back from the river, they must 
be ascribed to small streams whicji perhaps in glacial times, 
flowed southward from the slate region over the limestone 
surface. The very contour of the surface of the limestone 
belt, moreover, is such as to set at rest any suspicion of a 
wide spread surface deposit, which, if it had been laid down 
in any kind of water, would have filled up the inequalities 
and made the rolling country a nearly dead level plain gored 
into deep and narrow sand ravines. 

The greater fertility of the limestone belt compared with 
that of the slate belt is of itself suflBicient to prove that the 
limestone rocks are not concealed under any considerable 
layer of foreign sand and gravel ; for its extra fertility is 
due to the fact that the soil is a decomposition of the lime 
stone rocks. 

* It must be kept in mind that the discovery of these two gravel patches is 
due to the fact that two such cities as Bethlehem and Easton use much sand 
and gravel, and get it close at hand if they can. There may be plenty more 
ftirther off which is never touched and in fact remains undiscovered. 

t Boat-glacial rock-cuts made by the Wallenpaupack and Shohola creeks 
in Pike county, are well described by Prof. White in report G^. 

The post-glacial rock-cut made by the imprisoned Aquanchicoia creek just 
behind the Lehigh Water Gap is another case in point well deserving of close 
study, in connection with the sand-dam thrown acros«j the mouth of the val- 
ley behind the Red hill. 

The subject takes a wide range : I will only take occasion to suergest here 
that the Eddy hills, described in my Coal Manuel, for instance that in the Bald 
Eagle Mountain gap near Williamsport in Lycoming county, may perhaps be 
explained by the gradual cutting down of the gap to keep it at a level with 
tlie Susquehanna rivef, as the latter lowered its bed. 
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Supposing it proved, however, that Rauch's gravel lay in 
an ancient higher channel of the Lehigh river, we are far from 
having settled all the diflSculties of the subject. There re- 
mains the questions of 1. what was the actual depth of the 
deposit, i. e. how high did it reach above the present hill 
toj) ? and 2. wliy are its upper and lower divisions different ? 

RaucK s hill top is certainly not as high as it was.- How 
much of it is gone ? 

Mr. H. C. Lewis in his Report on the Terminal Moraine 
(Z) gives the following section : 

RaucK 8 gro.vel pit. 

Top, 320' A. T.=100' above the river. 

Clay holding bowlders^ large and often sharply angular, lying 
irregularly in the body of the clay. Of this clay there remains 
on the hill top, as quarried, ... 4' 

Gravel and sand, horizontally stratified ; destitute of bowlders ; 
the pebbles all water worn, never more than 3 or 4 inches 
long, 

Streal^ of pure sand, 

Sand with oblique stratification, 

Oravel and sand, stratified, but not horizontally ; gray, sandy , 
no clay. 

Bottom of the pit, 30'-}- 

34'+ 

Mr. Lewis saw no limestone clay under the gravel. 

Tlie bowlder clay limit (upward) he finds plainly marked 
at the Lehigh University in S. Bethlehem at 180' above the 
Lehigh river. 

In Carbon county at Weissport he found a bowlder of 
conglomerate 6 feet long lying on the hill side 180' above 
the Lehigh river. 

In Bucks county at Yardley ville, near Trenton, he makes 
again the upper limit of the bowlder clay (near the toll 
gate) 180' above the Delaware river. 

And again at Somerton in Philadelphia county, 180' above 
the Delaware. 

The hill top, at Eauch's quarry, then should have been 
originally 80' higher than now, and the bowlder clay 84' 
thick, if there were any regularity in such a deposit. But 
this is against all experience on both sides of the Atlantic. 
Neither top nor bottom of bowlder clay bears much refer- 
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ence to topographical elevations anywhere. The four local 
maxima of 180' mentioned above are of course on a down- 
ward slope corresponding to the water bed slope of the Le- 
high and Delaware rivers ; and it is hard to see what use they 
can be put to in the general argument. But the presence 
of bowlder clay as high as 400' A.T. (180' above the river) at 
South Bethlehem, only a mile from Ranch's gravel pit in 
West Bethlehem, certainly allows us to conclude that the 
4' of bowlder clay at the top of the gravel pit is only the 
remnant of a very thick deposit overlying the gravel de- 
posit, and as distinct from it in origin as it is later in age. 

If the bowlder clay be glacial, the underlying gravel and 
sand is certainly fluviatile. The ancient Lehigh undoubt- 
edly deposited the gravel and sand ; and then afterwards the 
bowlder clay was deposited on top in some quite different 
manner. 

But not only has Ranch's hill been much higher than 
now because the bowlder clay deposit was much thicker 
than 4 feet ; the older previous river sand and gravel de- 
jDOsit was thicker than it is now. This is shown by the ir- 
regularity of its upper line. Its top surface had been worn 
into hollows and partially removed before the bowlder clay 
which now occupies these hollows was deposited upon it. 
This is another proof that the two deposits are of different 
ages and that some great change must have happened to the 
climate, or to the country. 

A rise of the sea level, a submergence of the continent, is 
invoked by many now to account for similar deposits. 

The fact of such a rise in connection with the Ice age, 
seems to be proved beyond all doubt by the finding of 
stratified shaly clay, containing arctic shells, lying between 
iin upper and a lower bowlder clay, at an elevation of 612' 
A.T. at Airdric in Scotland.* The water of course may 
have stood at any greater height than the bed itself in which 
the shell fish lived ; and British glacialists think they find 
evidence of a rise of the sea level to 1500' A. T. But 700' or 
800' will suffice in eastern Pennsylvania, to explain some 
things. 

* See Geikie's Great Ice Age, p. 186, New York Ed. ISTzl 
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The Bryn Mawr and other 400' A.T. level gravel patches 
of Bucks and Delaware counties show that there was once 
a rise of the sea level to that height at least. Whenever it 
may have occurred, the valleys of the Delaware and Lehigh 
in Northampton county must have been arms of the sea into 
which would necessarily be dropped all the stuff which 
those rivers brought down from the north ; and if this rise 
happened after the formation of the moraine, or during the 
prevalence of the great ice field, these valleys must have 
become filled up to a high level with glacial clay, in which, 
no doubt, would be included large blocks of stone from the 
moraine. 

The conglomerate bowlder at Weissport lies (180'-f-river ; 
R. R. station level 475.6',) about 650' A. T. 

Bowlders lie scattered about the surface of the slate belt 
in Northampton county, and one especially remarkable lo- 
cality is the isolated slate hill at Mooresburg, 5 miles S. S. 
W. of the Wind gap, from which a noble panoramic view 
carr be obtained. The top of this hill is covered with bowl- 
ders. Its precise height level is not known, but cannot be 
less than 700' A. T. 

But no clay is seen in connection with these bowlders. 
Therefore the distribution of the bowlders over the surface 
of Northampton is to be accounted* for entirely apart from 
any explanation of the deposit of the clay. 

On Ranch's hill therefore we have three quite different 
things : — 1. The gravel and sand deposits of the ancient 
Lehigh ; — 2. A thick deposit of clay on top ; and — 3. Large 
angular bowlders accidentally present in the clay, and to 
be accounted for differently. The English glacial theory of 
Till or bowlder clay formed under a glacier and ejected at 
its end, or left behind upon its melting away will not ex- 
plain the bowlders without clay scattered more or less thickly 
over the surface of Northampton county. 

But the same sea which submerged the land to a height 
of at least 800' A. T. would serve to deposit the clay brought 
down from the Moraine covered north, and at the same time 
would serve to float .small ice floes from which the bowlders 
(taken also from the moraine) would drop into the clay, 
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where the clay had already been deposited, and open the 
the bare rock surface where the clay had not been deposited. 

This is perhaps the nearest we can at present come to an 
explanation, although it is far from being satisfactory. But 
its defects may be diminished by considering 1. that the 
age of submergence must have been a short one ; 2. that 
the time of rise and the time of fall may have been very 
different ; 3. that when the sea stood at 300' it would tear 
oflf and float away ice masses with moraine matter from the 
great glacier at Belvedere ; when it rose to 500' A. T. it 
would cover the limestone belt of Northampton county, and 
penetrate into Carbon county (as a tide way) as far as Mauch 
Chunk ; at 700' A. T. it would submerge a good part of the 
slate belt, and wash with its breakers the whole front of the 
moraine north of Belvedere ; and at 978', if it rose so high, 
its waves would beat across the floor of the Wind gap. 

A great objection to all this is that the bowlder clay does 
not look at all like a marine deposit. The absence of shells 
may be explained by the intense cold of the water and the 
impossibility of the immigration of arctic forms at short 
notice and by a southern route. But the absence of strati- 
fication is serious against the theory. 

To sum up the case:— 1. Ranch's gravel is an ancient 
river-bed deposit. That is certain. 

2. The river was the Lehigh flowing at an elevation of 100 
feet higher than at i)resent ; and probably north of the 
syenite ridge ; south of which it has since then cut its way 
by removing the limestone rocks and the Potsdam sand- 
stone. For, if the present Lehigh were to be swollen by 
100 feet of flood water, it would remove the gravel from 
Ranch's hill instead of depositing it. 

3. The whole limestone surface of Northampton county 
has been lowered correspondingly ; and all its streamg have 
cut deeper, and changed their channels locally, since the 
deposit of Ranch's gravel. The rock-cut of the Bushkill, 
back of Easton, has also been made since then ; and pos- 
sibly the rock-cut of the Delaware. 

4. Ranch' s gravel is only a fragment of a considerable 
gravel plain at the junction of the Manocacy and Lehigh, 
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like the one more recently formed, at a lower level, and less 
worn away, at the mouth of the Saucon. 

5. A change came with the Ice age. The climate became 
arctic ; the ice sheet gradually descended from the north as 
far south as Amboy, Belvedere, Hazleton, Berwick, and 
Ralston; the Terminal Moraine was left on its retreat; 
the whole country back of it remained covered with Drift ; 
the thousand affluents of the Delaware and Lehigh rivers 
brought the materials forward. 

6. Probably the sea level rose and covered eastern Penn- 
sylvania during the continuance of the ice.* The action 
of the wave against the moraine, the sailing off of ice- 
bergs, the torrents of muddy water from under the ice, 
combined, would sift out the clay of the moraine and de- 
posit it on the. submerged surface of the country in front, 
dropping also bowlders. 

7. Most of this deposit has been removed by ordinary- 
rain water erosion and the continued lowering of the sur- 
face, since the ice age ; but probably much of it remains 
undiscovered, because there is no call for sand and gravel 
in large quantities except in the immediate vicinity of large 
towns and cities. 

The internal structure of the limestone helL 

Level as the general surface may be, it is the planed-off 
section of as gnarled and twisted a piece of the earth's crust 
as can be found in any country. Although these plications 
are comparatively small they are of the same nature as the 
gigantic overthrown anticlinals of the Alps and Appenines, 
a specimen of which is given on the opposite page, p. 55. 

The arrows on the Six Sheet Map show that the several 
beds of limestone, composing a mass several thousands of 
feet thick, are uptilted at all angles, twisted and contorted 
in every direction, and probably lapped upon each other 
like a folded carpet. At first sight there is no discoverable 
order or arrangement to be made out from the occasional 

* While the abstraction of water to make the ioe sheet must have lowered 
the general sea level of the world, the weight of a continent of ice 5000' thick 
would shift the center of gravity of the globe and cause the flow of water 
from the Antarctic hemisphere to raise the sea level at the north. 
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exhibitions of the rock in the fields, in quarries, in railroad 
cuttings, and in the banks of streams. 

The lower beds of the mass certainly dip away from the 
sides of the mountains and syenite ridges towards the plain ; 
and the higher beds of the mass certainly dip towards the 
slate belt and pass beneath it. But the rata of dip in both 
cases varies infinitely ; being sometimes almost vertical and 
at other times almost horizontal. And the directions which 
rocks take in going down show the most curious and em- 
barrassing deviations for a direct and regular descent. 
There are cases where the dip is east or west, just where 
one expects to find it north or south ; and that in close prox- 
imity to dips which are all right. 

Two examples of this may be cited, viz: the west dips 
on the north bank of the Lehigh at Easton, where all the 
rest are south ; and the east dips near the slate border, 
west of Martin's creek, where all the rest are north. 

The only explanation for such facts is to be found in a 
bunched striictzcre, analogous to (but the reverse of) the 
dimple structure of our coal measures. Such a bunch, or 
little dome of limestone, is shown by the circle of arrows 
around the pimple hill a mile east of Weaversville. 

Parallel anticlinal and synclinal rolls-and troughs cer- 
tainly traverse the belt lengthwise. But most of them are 
short and irregular and many of them compressed and over- 
turned northward, as seen in the quarriesalong the Lehigh, 
mentioned on page 36 above. 

Large anticlinal waves and synclinal basins, however, can 
be made out by grouping the dips on a large scale ; and these 
form the principal structural feature of the belt. 

The limestone belt divides itself largely into two and a 
half synclinal troughs. 

AnticUnals and synclinals. 

The southern synclinal occupies the whole space between 
the South mountains as its southern border, and the line of 
Chestnut hill, Quaker hill, Pine knob as its north border. 

The trough in which the Lehigh flows from Allentown to 
Bethlehem and Shimersville, and the trough in which it 
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flows below Freemansbarg, are parts of it, separated from 
the main body by the AUentown syenite ridge, and by an 
anticlinal axis which runs along i mile north of Hopes. 

The middle synclinal lies north of Chestnut hill and 
Quaker hill, and is bounded on the north by the broad an- 
ticlinal which crosses the Delaware in the great bend, and 
the great anticlinal which crosses the Lehigh a mile above 
Catasauqua. These are distinctly traceable for several miles 
west of the Delaware and Bushkill and east of the Lehigh ; 
but can be joined only by a series of indications f mile north 
of Hanover, and just south of SmoketoWn and north of New- 
burg. There is evidently, however, one main line of anti- 
clinal uplift all the way from the Delaware to the Lehigh. 

The northern half-synclinal of limestone borders the 
slate belt, and is deeper than the other two, because it re- 
ceives and holds the lower members of the overlying slate 
formation. The other half of this synclinal runs along under 
the slate-border hills. The anticlinal which bounds this 
synclinal on the north brings up to the surface the limestone 
area of Kreidersville, and the patch of limestone on Cata- 
sauqua creek 2 miles above Weaversville. 

Tfie limesto7ie formations. 

The Trenton limestone formation includes the uppermost 
limestone beds, which sink northward beneath the slates. 
They are best exposed along the Delaware at Martin's creek, 
on the Bushkill above Stockertown, on the Ma^iocacy at 
Bath, on the Catasauqua above Weavertown, on the Hoken- 
dauquaat Kreidersville, and on the Lehigh at Siegfried's 
bridge. Quarries have been opened at Bath and elsewhere 
along the line for supplying the farmers who till the soil of 
the slate hills to the north ; because the Trenton beds are 
non-magnesian, and make a very pure and strong lime. 

The Chazy limestone formation underlies the Trenton 
beds. 

The Caldferous limestone formation underlies the Chazy. 

These two great magnesian limestone formations, distin- 
guished from each other in New York state by their quail- 
ties and by their fossils, cannot be distinguished from each 
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Other in Pennsylvania, except with great difficulty. They 
form one great formation several thousand feet thick, lying 
directly upon the Syenite floor ^ and rising upon the foot 
slopes, and sometimes high upon the flanl^s of the Syenite 
ridges. 

Potsdam. In some places there intervenes between the 
base of the limestone and the syenite rocks, 20, 50, or 100 
feet of sandstone which represents the Potsdam formation 
of New York, as will be shown in a subsequent chapter. 

The Chazy and Calciferous limestone strata are exi30sed 
finely along the banks of the Lehigh river between Hoken- 
dauqua and AUentown, by a range of extensive quairies 
worked for the use of the iron furnaces. The stmta are not 
all highly magnesian. Some of them are almost as pure 
limestone as those of the Trenton formation. And what is 
very remarkable the magnesian and non-magnesian strata 
alternate with each other in the quarries, so that a selection 
of certain purer beds are made for fluxing the furnaces. 
This phenomenon has been investigated by the Geological 
survey, and the analyses of a long series of beds showing 
the alternation are published in Mr. McCreath's report of 
the work of the laboratory at Harrisburg (MM. 1879, page 
312 and onwards) to which the reader is referred. A simi- 
lar investigation on the Lehigh would no doubt yield simi- 
lar results. 

Whether the Serpentine and other magnesian minerals 
found at the base of the formation along the south iiank of 
Chestnut hill, north of Easton, belong to this formation or 
not is still an open question ; but some of the lower beds 
of magnesian limestone seem to have been metamorphosed 
into a crystalline dolomite in the vicinity of the syenite 
rocks. 

The Easton synclinal. 

To make clear all that has been said above, a short de- 
scription will now be given of the limestone rocks of the 
southern synclinal in which the Lehigh and Delaware rivers 
flow and meet at Easton ; for a single section here will serve 
to illustrate the whole belt, west to AUentown ; and will 
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serve better than any section on the Lehigh above AUentown, 
because the rocks are extraordinarily folded together there 
so as to conceal the real shape of the synclinal ; whereas 
in the vicinity of Easton the large trough structure is pretty 
plainly revealed. 

In doing this the arrows on the map around Easton will 
be chiefly depended upon, although a few of them may be 
erroneously designated, the cleavage planes being mistaken 
for stratification. 

Professor H. D. Roger's description of the 1 ocality in the 
first volume of his Final Report on the First Geological 
Survey of Pennsylvania, published in 1858, will also be 
quoted, so. far as the facts are important for setting the 
structure in a clearer light. 

The dips observed along the Delaware above Easton are 
S., S. 10° E., S. 20° E.— (beginning at the north) 62°, 59°, 
60°, 58°, 82°, 62°, 64°, 64°, 64°., (the last three along the 
north bank of the Bushkill, under the College hill), 44°, 
65°, 44° in the south' bank of the Bushkill, opposite the 
west end of College hill. 

The dips li mile back from the river, are S. 20° E. 51° 
in front of the Bushkill gap ; 23°, 34°, i m. S. of the gap ; 
25°, 26°, 26°, on the bank of the N. Lehigh, a mile above 
its mouth. 

The dips on the south bank of the Lehigh are S. 20° E. 
16°, S. 69°. and S. 5° W. 55°, the last at the west foot of Mt. 
Pisgah. This irregalarity is due to crimpling. But the 
abnormal dips on the north shore i m. to 1 m. up from the 
mouth, viz: S. 70° W. 28°, 28°, 4°, and 30°,— immediately 
followed (in 400 feet up the river) by S. 10° E. 26°, are very 
remarkable. 

The dips on the Delaware south of the Lehigh, (begin- 
ning i mile S.) are S. 20° W. 40°; S. 20° W. 56° (both in 
the same quarry) ; S. 10° W. 36°, 22°, the last f mile south 
of the mouth of the Lehigh. 

Here the dips change to N. 10° to 30° W., 24°; 28°; 20°; 
38°; 48°; 43°; and 38°; close to the Potsdam (60°) at the foot 
of Morgan's hill. 

Referring these to a cross line through Mount Pisgah, we 
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can construct a section, which shows plainly enough that 
the synclinal is not a simple one, but has many concealed 
rolls and faults, and that some of the steep south dips are 
probably overturned and flattened anticlinals.* The sec-, 
tions given on page 66 are not in the least to be relied on 
as showing the true structure, but only as showing the 
strength of the dip wherever observed, and the approxi- 
mate status of the anticlinals and synclinals. As the sev- 
eral beds cannot be identified it is evidently impossible to 
make really correct sections from the most carefully ob- 
served dips. The diversity of strike is also an impediment. 

The Easton synclinal, as a whole, ends in a point east- 
ward between two of the New Jersey mountains. 

The lower limestone beds overlying the serpentine of 
Chestnut hill, are siliceous and highly magnesian, with 
bands of nodular chert. Fragments of chert abound in the 
soil to the north and northwest of Easton, and the localitj^ 
was a famous manufactory of arrow heads in Indian times. 

The upper beds in the middle of the trough south of the 
Lehigh have been extensively quarried to make good lime 
for the farmers of Bucks and Northampton counties. 

H, D. Rogers Delaware river section. 
Southward from Easton. 

The section along the Delaware from Easton south to the 
village of Monroe, is described by Prof. H. D. Rogers, with 
a diagram, on page 98, (Geol. Penn. Vol. I,) under the 
heading ''Stratification of the South mountains." The ob- 
servations there recorded belong to the history of the First 
Geological Survey and possess a permanent value, apart 
from the theoretical views which they were made to sup- 
port. They are in substance as follows : 

At the mouth of the Lehigh dark blue, ferruginous lime- 
stone beds : strike irregular ; dips averaging 25'' to the S. 
20° to 45° W. ; rock somewhat metamorphosed ; massive, 
free from joints ; cleavage dip S. 40° E. 60°. 

Dip steeper for \ mile down the river. 

* Prof Rogers suggests the possibility of two roUs between the Lehigh 
and the foot of Chestnut (Wolfs) hiU. Geol. Pa. I, p. 242. 
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Dip changes to north, 20°. 

Approaching Lehigh hill (Morgan's hill) limestone beds 
become more altered and slaty ; partings filmed with mica ; 
cleavage more conspicuous than bedding ; cleavage strike 
here notably abnormal^ neither coinciding with the rock- 
strike of the palaeozoic, nor of the gneissic beds ; gneiss 
strike (bedding) in this district being N. 50° to 45° E. ; palaeo- 
zoic strike (bedding) N. 65° E. ; cleavage strike in limestone 
more east and west ; but still steep to S. E. 

Beyond the last limestone seen, 500' concealed ; then — 

Potsdam rocks, highly altered ; first, fragments and 
masses of siliceous slates and sandstone, none in place. 

Under these rise (southward) massive beds of grey quartz- 
ose conglomerate porphyry; altered ; pebbles, pea and nut 
size infused contact with a syenite gneiss (feldspar and au- 
gite,) and its own paste containing regular feldspar crystals. 

Then the anticlinal arch of granitoid gneiss with thin in- 
jections of syenite. 

On the south side of the anticlinal appear again the Pots- 
dam altered sandstones and shales, some beds porphyroidal ; 
dip S. E. 35°. 

The anticlinal arch is double; two arches with an included 
synclinal trough, narrow and compressed, holding the low- 
est beds of limestone.* 

The north dips seem steeper in the gneiss than in the 
Potsdam rocks, " implying a movement of the older rock 
before the deposition of the materials of the newer. In other 
localities, embraced within this line of section, the want of 
parallelism is better displayed." 

Next a small trough of limestone ; then a pointed spur of 
gneiss, and 

Next a wide, smooth limestone valley ; trough contracting 
westward ; not simple, but subdivided by two or more an- 
ticlinal rolls in the limestone. 

Ripple marks ''on a superb scale" on the limestone beds 
at the quarry close to Uhlersville. 

Next Bucher hill syenite ridge ; dip of gneiss rocks gen- 

*NoTB. — This refers to the little limestone ooveat Iron ore mine No. 42, 
facing westward to the Lehigh river. 
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erally S. E. averaging not over 45° ; two or three folded 
anticlinals, their axial planes dipping S. E. ; gneiss gen- 
erally greenish, and white feldpathic. 

Next the Durham creek limestone valley skirted by one 
or two Potsdam exposures. 

At Durham furnace good exposures ; regular anticlinal 
roll between Durham furnace and the creek. 

Durham bone cave is in the steeper north leg of the an- 
ticlinal arch, "which will be found, I think, to be the pre- 
vailing position of those limestone caverns in the t^alleys of 
the Appalachian chain." It is about 300 feet long, 4' to 6' 
wide 12' (average) high ; floor descends from the mouth in- 
ward ; walls rough ; stalactites few ; water in the floor in- 
fluenced by the river level, half way down a lateral gallery 
ending in a T ; main gallery runs generally S. W. turning 
S. near its end ; anticlinal roll 20 yards S. E. of the en- 
trance ; cave and axis of roll parallel ; fossil bones found in 
the floor.* 

Next, the Durham hill, 1 mile wide ; a double anticlinal, 
with a shallow synclinal of slate and limestone ; flanked 
next Durham creek by a narrow outcrop of Potsdam, un- 
der limestone. 

Nonconformity of Potsdam on Oneiss is here evident ; 
see Fig. 4, Geol. Penn., I, p. 100, reproduced on page 63 
opposite. 

Syenitic beds, at the north base of the hill dip S. 40° E. 
40° ("the inverted leg of a folded anticlinal" ?) ; Potsdam 
beds 100 feet thick dipping nearly opposite N. 35° W. 35° ; 
dark siliceous conglomerate, overlaid by alternate beds 
of white sandrock and alterd siliceous slate ; over which 
lie conformably limestone beds. Near the road the gneiss 
strikes S. 50° W. and the Potsdam &c., S. 60° W. nearly 
20° oflf.t 

On the south base of the hill, is a narrow outcrop of 
white magnesian limestone greenish talcose slate and blue 
limestone ; then the New Red. 

jM m n -^ 1 ■ 1 — ■-fi — -^ 1 ^ 

*Geol. Penn. I, p. 236. 
f So in the text. 
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Delaware section^ northward from Easton. 

The limestones north of Chestnut hill are exposed in 
many places on the river bank, from 1 mile above Chestnut 
hill gap, for 3i miles up to Martin's creek; and for two 
miles further ; above which river mud and drift gravel con- 
ceal them. 

A synclinal trough of limestone lies north of Chestnut 
hill, 1^ miles broad. Near the base of the hill the beds 
descend nearly perpendicularly northward. Beginning a 
mile up the river, north of the hill, they dip N. 10° to 30° 
W., 70°, 63°. 82°, 76^ 66°, 68°. There must be about 5000' 
of limestone rocks here descending northward ; and yet the 
basin is not deep enough to take in the lower beds of Hud- 
son river slate. 

This synclinal can be traced by the north and south dips 
westward across the Bushkill, and south of the sink-hole 
described elsewhere. 

The next dips on the Delaware are S. 10° E. 40° and S. 25° 
E. 48°. Then S. 26° ; S. 20° W. 36° ; and S. 40° W. 24°. 

Here an anticlinal crosses the river which passes (two 
miles west) between dips of southward dips of 35°, 38° and 
29°, and a northward dip of 30°. On the Bushkill, half a 
mile further, are S. dips of 36°, 30°, 33°, 24° and a N. W. 
dip of 48^ 

The axis passes just through the sink-hole, (half a mile 
further) with north dips of 79° diminishing westward to 38°. 

The next dips on the Delaware are first 10° and 23° and 
then 48° and 51° all northward. 

Beyond this the river flows in a trough westward. This 
is the second synclinal. 

Higher up and within half a mile of Martin's creek a sec- 
ond anticlinal crosses the river, with south dips of 30° &c., 
and north dips of 26°, 34°, 22°, 8°, 4° and 12° at Martin's 
creek. 

On the road a mile further north and near the edge of the 
Slate country north dips of 50°, 42° appear on the hill half 
a mile west of Martin's creek. But from there on west ex- 
traordinary east dips appear along an entire mile of road ; 
15°, 13°, 21° and 21°. What is still more extraordinary aim- 
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ilar east dips again appear two miles further west, 35° and 
16° ; and these occur just north of regular north dips of 
24° and 29°. There seems to be no explanation of such a 
structure in the limestone. 

Abnormal dips of this sort occur in all parts of the lime- 
stone belt not only in Northampton county, but throughout 
its entire length through New York, New Jersey, Pennsyl- 
vania, and the southern States. They call for a special 
future study. Sometimes the rocks of considerable areas of 
the valley dip up or down the valley, and not across it. No 
theory of dying and interlocking anticlinals and synclinals, 
whether folded over or not, has sufficed to arrange these 
dips into a comprehensible system. They only suggest a 
universal and irregular crumpling or mashing together of 
the beds of the whole formation, under immense pressure. 

Regular and persistent anticlinals and synclinals, never- 
theless, can be perceived and followed for miles, lengthwise 
of the limestone belt, but usually more or less diagonally 
across it from east to west. 

Prof. Rogers (I, page 243, 244) describes the rolls on the 
Delaware thus : — 

1. For I mile north of Chestnut hill gap no exposure ; 
then at limekiln, magnesian limestone ; dip N. 85°. 

2. At 200 yards, S. dip which continues until, 

3. At 500 yards, N. dip, about 70°. Then 

4. At 600 yards, S. dip. 

5. At 800 yards, N. dip, 60° ; which continues to 

6. At 1000 yards, S. dip, about 50°, becoming 40°, 30°, 
20° ; last flaggy limestone ; which continues exposed, and 
gradually arches over to N. dip at the great bend of the 
river; a beautiful broad regular anticlinal arch. This is 
the first anticlinal described above, as traceable across 
Bushkill creek. The north dips are well exposed at Mineral 
Spring Hotel 5 miles from Easton. 

7. After a mile, very obliquely across the outcrops, with- 
out exposures, another broad anticlinal ; at limekilns ; rock 
in the axis of the anticlinal dark blue, argillaceous, more 
thin-bedded and slaty, greatly cut up by cleavage ; upper 
beds look like Trenton limestone. 
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8. After 300 feet, high cliff of Trenton beds, north side 
of Martins creek; dip 30°, but rolling; cleavage nearly- 
horizontal ; rock, blue slate, with courses of blue argilla- 
ceous limestone, and fissile blue slate of even texture, like 
roofing slate ; many Trenton fossils ; exposure say 150'. 

///. The Anthem or syenite region. * 

The third or southern division of Northampton county, 
lying south of the Lehigh river, consists of parallel high- 
land ridges, called by the people of the valley the South 
mountains ; but by those who live along the lower Delaware 
river the Durham hills. They are merely a continuation of 
the Highlands of New York and New Jersey through 
Eastern Pennsylvania, ending at the Schuylkill river in 
Berks county, where they are sometimes called the Reading 
mountains. 

The contoured map of the limestone belt of Northamp- 
ton, Lehigh and Berks has been extended so as to include 
the whole mountain region south of the Valley, and the 
sheets of this connected map will be found in the Atlas ac- 
companying this report. On these sheets the topography 
is so well shown that a description of it is unnecessary ; but 
the geological structure will be described in a subsequent 
chapter of this report. 

The contour-curves show that the South mountain ridges 
are long and rather narrow, no where sharp, and studded 
with numerous rounded summits seldom reaching the atti- 
tude of 900' A. T. and never exceeding 1100' A. T. The 
side slopes are often very steep. The region was once 
heavily timbered, but none of the original forest remains. 
The soil is rocky and poor, but cultivated along roads. 

Between the mountains lie secluded vales of rich limestone 
land ; but these vales are themselves hilly, and otherwise 
exactly resemble the limestone belt of the Kittatinny valley, 
of which they are outlying fragments, separated from it 
and from each other by the gradual erosion of the limestone 

♦Dr. Genth objects to the use of the term Syenite as applied to these mount- 
ains, because of the abscence of hornblende from the specimens ooUected, and 
prefers the term Qranulite. 
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strata which once covered the mountains, and the removal 
of which has allowed the underlying syenite beds to appear. 

The first range (Morgan's hill) is cut through by the Dela- 
ware two miles below Easton. The river here turns sharply 
west and flows along the south foot of the range, overhung 
by a very steep slope, rising to summits the flrst of which 
next the river, is only 660' A. T. ; the next west 760' ; and 
the third 820'. A spur of the range leaves its northern 
flank, runs west and nearly reaches the Lehigh, with a max- 
imum altitude of 820' A. T. 

The river flows 3^ miles at the foot of this range, and then 
cuts south across a limestone cove, which heads up west 
between the first and second mountain range. The cove is 
2i miles deep lengthwise, and \\ miles wide at the river. 

The second range. At Raubsville, the river cuts through 
the low point of its extreme east end, for it is not one of 
the mountains of New Jersey. From the river it runs west 
3 miles and joins the first range. A deep ravine here trenches 
the combined mountain southward ; and west of the ravine 
(five miles due west of Raubsville) is the high summit called 
the Hexenkopf (the Witches' head), 1030' A. T. The sum- 
mits which surround it on the south at a distance of 1\ 
miles, are 700', 750' and 760' A. T.— West of the Hexen- 
kopf, the range runs on four miles further and ends ab- 
ruptly at Shimersville, where the Lehigh, striking its point 
fair, cuts its end into a steep slope, almost a precipice, and 
is deflected northward past Freemansburg ; returning again 
in its next bend to share deeply into the northern mount- 
ain slope, which here rises very steeply from the river 
bank to a summit 630' A. T. Nearer Shimersburg there Is 
a sharp little peak on the crest, 710' A. T. — A second crest, 
only one mile long, runs parallel to the one last described 
and f miles south of it, and has a similar sharp peak at its 
east end (2i m. E. of Shimersville, and IJ m. S. of Reding- 
ton) 810' A. T. The west end of this ridge is sheared sharp 
off, descending steeply from a nose 670' A. T. to the edge 
of the limestone in Saucon Valley, 350' A. T. where the 
Potsdam sandstone appears in the road. 

West of the Saucon Valley, what looks like a continua- 
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tion of the southern crest of the second range, rises from 
beneath the limestone and swells into the mountain mass 

« 

which occupies the country south of Bethlehem and ends 
at Allentown ; the limestone of Lehigh county sweeping 
round its western foot. A road from South Bethlehem 
leading east, south and then straight up the steep slope 
west, passes over a peak on the crest 910' A. T. This peak 
is li miles in an air line S. E. from the Zinc works in South 
Bethlehem. Another summit just a mile S. 10"^ W. from 
the Zinc works is 880' A. T. South of this ^ mile, are two 
neighboring summits 940' and 960' A. T. from which the 
southern slope of the range descends very steeply to the 
edge of the limestone in the Saucon Valley at about 500' 
A. T. — A mile west of South Bethlehem, the first or north- 
ern crest of the range rises from beneath Potsdam sand- 
stone and attains a height of 660' in the 1st mile, and 840' 
and 860' a mile and a half further on. A long slope then 
leads down to the bend of the river at Allentown. 

Third range. From Raubsville the river keeps straight 
south across the next limestone interval (Uhlersville) 2 miles, 
and striking the north foot of the PohaicunJc mountain 
range of New Jersey turns sharply west, 1 mile, and then 
south, and passes through a fine gap in the range. 
Bougher hill overlooking the gap from the west has two 
summits 650' and 620' A. T., the road crossing between 
them. Bougher' s hill is isolated from the rest of the range 
by Hoover's ravine descending north and Wolfs ravine de- 
scending south, the divide being only 390' A. T. or about 
250' above the river. 

West of this the third range is broken into summits 
which read (going west) 670', 760', 790', 820', 840', 910', and 
910' A. T., the last one being at a mountain road 7 miles 
from the river (at Bougher' s hill) and 5 miles east of the 
railroad aud Saucon creek at Heller town. The nose on the 
south edge of the ridge, overlooking Springtown with its 
lime quarries, is 780' A. T. The water in the creek in the 
Durham limestone valley at Springtown reads 320' A. T. 

This third range falls away and terminates 4 miles west- 
ward of the 910' summit. The high summit N. W. of 
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Springtown is 940' A. T. ; the next 830' ; and the last one, 
a mile before reaching Leithsville only 640' A. T. Here the 
range practically ends, 12 miles from the river. 

Fourth range. From Bougher hill gap the river keeps 
on the same course south 3 miles, bending a little west as it 
approaches Durham furnace at the mouth of Durham creek. 
For these three miles it is cutting through the limestone 
strata of Durham valley, the creek heading up close to 
Leithville, where is a low and narrow opening into the lime- 
stone valley of the Saucon. 

For a mile south of Durham furnace, as far as Monroe 
(where the map stops) the river makes a gap through the 
fourth OY MusconetcunJc mountain range, one of the greatest 
in New Jersey. But in Pennsylvania its summits next west 
of the river are only 450', 490' and 530' A. T., becoming 570' 
(3i miles), 640' (4 miles), 520' (5i miles), and 530' (7i miles 
south of Springtown. It is easy to see why the Musconet- 
cunk mountain has received the Pennsylvania name of the 
Durham hills, on account of the insignificance of its heights. 
But a little further west it resumes its mountain character 
and has a noble summit 2^ miles southwest of Leithsville, 
980' A. T. 

South of this range the whole country is occupied by 
Mesozoic, or New Red red rocks, lying in Bucks county. 

The stratification. 

The foregoing sketch will suffice to place before the reader 
the main features of this southern division of Northampton 
county ; composed of ranges of syenitic strata arched into 
anticlinals, and separated from each other by valleys of 
limestone strata troughed into synclinals. 

The stratification of the limestone rocks of the valleys is 
visible everywhere, but in so broken and crumpled a condi- 
tion that the fact of a trough structure must be chiefly taken 
on topographical testimony. 

The stratification of the gneiss (syenite) beds of the 
mountains is, on the contrary, rarely to be seen. It also 
has to be judged of from the topographical features. 

* The strike of the north border of the syenite belt from 
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Easton to the west end of the northernmost of its ridges 4 
miles north of Reading, is S. 62° W. Curiously enough this 
is almost exactly the course of the long straight line of the 
Sharp mountain from Mauch Chunk past Pottsville to the 
Swatara gap in Dauphin county, S. 62^° W. 

The course of the long straight Musconetcunk mountain 
in New Jersey is S. 69° to 60° W.— That of the summits 
from the Delaware river to the Hexenkopf is S. 61° W. 

On the other hand the summits and crests of the indi- 
vidual parts of the belt, the ridges and spurs, range them- 
selves nearly due East and West : as, for instance MorgarC s 
Mil (the first range) south of Easton ; the Raubsville (sec- 
ond) range to where it joins the Hexenkopf ; the two crests 
west of the Hexenkopf to Shimersville ; and the next ridge 
south of them from Lower Saucan P. O. to Lower Saucon 
church ; and the South mountain proper, from Bethlehem 
to Allen town, &c. There are evidently two systems of 
structure. — The half buried Chestnut ridge north of Easton 
trends S. 56° W. for 1^ miles, then 68° degrees for 2 miles 
to where it goes under. — The ridge east of Allentown bends 
just the other way, with about the same amount of deflec- 
tion. 

It is this double system of trend that produces the Echelon 
topography so apparent on the face of the maps ; and this 
again brings the syenite country into structural agreement 
with the Palaeozoic country of Middle Pennsylvania, which 
is characterized more by its Echelons or zigzags than by any 
other feature. 

Numerous as the arrows are upon the map, they are 
wholly insuflBcient for the purpose of a detailed explana- 
tion of the structure of the South mountain belt. 

Dips are in fact very hard to find, owing, 1, to the general 
decomposition of the rock surface of the country ; 2, to 
the amount of debris on the surface ; 3, to the vegetation ; 
4, to the massive and homogeneous character of the rocks 
where they are exposed, (in which case the true bed plane 
has sometimes been made out by observing the parallel ar- 
rangement of the minerals composing the rock ;) and 5, to 
the cleavage. 
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It is probable that the two systems of topographical 
crests are due, the one to dip, the other to cleavage. 

The anticlinal structure of these mountain ridges can 
be actually observed at only a few places. Elsewhere its 
proof depends on reasoning. But no geologist who ha& 
worked long in the region has failed to come to the same 
conclusion, viz: That the South mountain ranges have 
not only an anticlinal shape, but an anticlinal structure ; 
and that when they were bent into upward folds they lifted 
the limestone and still higher strata into folds above them ; 
but in the lapse of ages the overlying limestone and higher 
formations have been worn and swept away, leaving the 
mountains bare, but the intervening troughs or valleys still 
filled with them. 

The character of the strata. 

The gneiss (granulite) of the South mountain range, as^ 
Prof. Soger's remarks (Geol. Penn. 1858, Vol. I, page 93) 
differs considerably, in its constitution and features, from 
that of the Philadelphia region. 

It is for the most part a massive rock in thick beds, look- 
ing like a feldspathic granite, but distinctly stratified. 
Containing very little mica it would be a syenite if more 
homblendic ; it is often charged with minute crystals of 
magnetite. In New Jersey magnetite often forms a prime 
constituent of the rock. Talc and cholorite is wanting ; the 
original sediments were not magnesian ; there are no belts 
of micaceous, talcose or chlorite slates as in the Philadel- 
phia region. There is often a distinct parallelism in the 
crystalline structure ; the feldspar and hornblende, often 
flattish in form, occupy alternate layers. 

It is evident that the South mountain gneisses belong to 
a different system from those of the Philadelphia belt ; and 
geologists who are familiar with the rocks of Canada and 
the Adirondack mountains pronounce them with confidence 
to belong to the Laurentian system. 

Why they are not covered with Huronian or Cambrian 
rocks is not known ; but the same question may be asked 
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in Northern New York, where, as here at Reading and Beth- 
lehem, the Potsdam sandstone lies directly upon them. 

If, as those suppose who do not accept Mr. Hall's views 
in his Reports C", C", the mica slates and chlorite slates of 
the Philadelphia belt underlie the Potsdam^ and overlie the 
Philadelphia syenites, it is hard to see why they do not 
appear between the Potsdam and the gneisses of the South 
mountains, and New Jersey Highlands. 

The anticlinal structure. 

Prof. Rogers describes the structure of the South mount- 
ain belt, on the Delaware river, 7^ miles wide, as three dis- 
tinct anticlinal ridges of gneiss, with their arches pressed 
over towards the north, so that all the dips are south dips^ 
but half of them steeper than the other half. 

The first anticlinal south of Easton (that of Morgan Hill) 
however is certainly not inverted, as may be seen by the ar- 
rows on the map ; one on the north slope of the ridge, 200 
feet above the river, showing the gneiss descending gently 
beneath the Potsdam N. W. 39°, the Potsdam at the north 
base, 30 feet above the river, dipping N. W. 60°. Arrows 
along the south base of the ridge, beginning a mile below 
the bend and continuing for nearly a mile, show the gneiss 
rocks descending very steeply into the first limestone syn- 
clinal at S. S. W. 53°, 77°, 77°, 69°, S. 77, and S. 10° E, 80°. 

The Morgan hill gneiss ridge, therefore, looks like a 
broad anticlinal with gentle north dips and steep south dips. 
But in the absence of exposures near the bend, one good 
dip high on the ridge is not enough to settle the point. For 
we must throw out the Potsdam dip ; for two other Pots- 
dam dips close by have the extraordinary directions E. 32°, 
and S. E. 32°, showing an apparent non-conformity of the 
Potsdam on the gneiss. 

As for the line of exposures a mile below the bend, another 
serious embarrassment makes itself felt. The sudden sweep 
of the dip around from S. S. W. to S. 10° E. is very sug- 
gestive of a collapsed synclinal, with its south rise thrown 
over northward upon its north rise. The axis of such a 
synclinal would lie between the arrows S. S. W. 69° and S.77° ; 
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and the strike of such an axis would carry it directly west 
into the head of the little limestone cove, at Iron mine No. 
42*, where the edge of the limestone (with no show of Pots- 
dam) rises upon the gneiss to the great height of 600' A.T., 
the summit to the south of it being only 220' higher. 

Therefore while it is perfectly evident that the limestone 
once covered the whole ridge and descended southward into 
the limestone cove of the river, it looks as if the deposit of 
the limestone was subsequent to the uplift and erosion of 
the gneiss, the Potsdam not having been deposited at all. 
Close examinations might prove the contrary ; but at pres- 
ent the structure of the Morgan's hill ridge is left to some 
extent in doubt. 

The Hexenkopf ridge, which ends at the river at Raubs- 
ville, shows no signs of being an inverted anticlinal at the 
river where the gneiss dips S. E. 56°. The gneiss is here 
only 500 feet wide, bordered by limestone, dipping away 
from it northward and south-eastward ; and no appearance 
of Potsdam between. 

On the Hexenkopf two dips can be seen, one on the south 
brow of the summit (925' A.T.) S.E. 29°, and one 1000 feet 
north of it on the northern slope (820' A.T.) S.E. 54°. This 
certainly looks like an overturned anticlinal ; but it may 
only be a steepening of the dip going north. 

But down on the road, in the ravine, i mile east are three 
exposures, all N. W. 36°, 69° and 50°. Also on the summit 
a mUe south of the Hexenkopf (720' A. T.) one N. W. 49°. 
This group taken together would make the whole mountain 
between the two summits a synclinal. 

But in the strike of the last (N. W. 49°) dip 1100 feet dis- 
tant north-eastward, is an exposure S. E. 55° ; and 200 feet 
south of the N. W. 49° dip, is another S. E. 45°, which 
would make an anticlinal of the crest of this ridge. 

This last dip plunges the gneiss southward under the 
Uhlersberg synclinal limestones. But the N. W. 50° dip in 
the ravine above mentioned, only 150 feet from the edge of 
the limestone, plunges the gneiss not towards and under, 
but away from the limestone ; which again looks like a 

*See the southeast sheet of the Six sheet map. 
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non-conformity of the limestone on the gneiss ; all the more 
because no Potsdam is here seen. 

This will suffice to show the reader what great difficulties 
beset the study of the real structure of the syenitic gneiss 
ridges of the South mountain belt ; how unsafe it is to de- 
scribe them as simply so many anticlinals, and how impos- 
sible to assign to them the form of overturned anticlinals. 
Some of them are probably synclinal ; in some of them the 
dip is probably all one way. In order to bring this embar- 
rassment distinctly before the readers eye two possible but 
opposite section constructions of the Hexenkopf are placed 
side by side on page 75. 

The thickness of gneiss beds expressed by the three N. W. 
dips in the ravine east of the Hexenkopf is 1200', upon a 
curved construction such as represented in the plate. But 
as the strike lines at all the exposures differ in direction it 
is possible to make a construction which will increase this 
thickness to 2000 feet. 

The six dips at the river side a mile below the bend, above 
mentioned, show also 1200' of gneiss rocks, upon a careful 
curve construction including them all ; but only 800' con- 
sidering the two southernmost dips on an overturned syn- 
clinal. 

It is impossible to say how many hundreds or possibly 
thousands of feet of gneiss show themselves in the South 
mountains ; but the frequent changes of dip from north to 
south, and the numerous synclinals of limestone, make it 
probable that only 1000' or 2000' of the Laurentian series 
come to the surface. 

Whether these be the top members of the series or not 
is also uncertain ; because if the structure be nonconforma- 
ble to the limestone, the edge of the limestone is no guide 
to the top rock of the gneiss ; and consequently the eroded 
ridges may present strata of any part of the Laurentian 
series. 

Of course the syenite rocks underlie the limestone belt 
north of the Lehigh, as they do the Durham and Saucon 
valleys, and the stretch of limestone south of Easton. In 
fact we see Morgan' s Mil nosing down westward beneath 
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the limestone, a mile south of Glendon, before reaching 
the Lehigh, and its southern fork plunging beneath the 
limestone at the Lehigh at Freemansburg and Shimersville. 
The summit here is 710' A. T. and in the three or four miles 
along the river eastward there are summits of 630', 590' and 
670' A.T. South of the river It miles is another shorter 
line of summits, up to 680' and 810' A. T. Here the Pots- 
dam sandstone, under the limestone, rides up on the slope 
of syenite, (see Mr. Prime's report further on.) 

In like manner the great range south of the river opposite 
Bethlehem, rises from beneath the Saucon limestone, and 
brings up Potsdam sandstone with it. 

But in the vei*y heart of the limestone belt north of the 
Lehigh we see the syenite floor rising in ridges, and casting 
oflf the limestone strata both ways. These low ridges must 
be looked upon as parts of the syenite belt, and as under- 
ground mountains^ the western continuations of the New 
Jersey highlands, still covered with limestone. Let the 
world last long enough, the gradual erosion of the surface 
of Northampton county will so lower the limestone hills 
around these ridges, that they will stand out in air like the 
South mountains ; for they are now exactly like the Durham 
hills. 

Outlying ridges in the limestone helL 

Chestnut hill just north of Easton is merely the sunken 
west end of Scott' s mountain in New Jersey. It has a re- 
markably sharp and regular crest, steep sides and abrupt 
end at the river. Its highest point is 710' A. T. (=550' 
above the water;) falling westward to 500' A. T. ; cut 
through by Bushkill creek ; and sinking beneath the lime- 
stone 6i miles west of the river. It stays underground for 
a distance of 1\ miles, and then rises as Quaker hill and 
Pine top ; runs on in the same W. S. W. straight course 
5i miles more ; sinks again and is seen no more. 

Quaker hill has two summits, 520' and 600' A. T. It is 
separated from Pine top by a small dry ravine 330' A. T. 

Pine top has two summits, 460' and 500', and is cut off 
from the west end of the ridge by the Manocacy valley 280' 
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A. T. The highest part of the west end of ridge, at the 
cross-roads is only 390' A. T. 

Another isolated range of syenite has been already men- 
tioned. It rifees * f rom beneath the limestone 2 miles west 
of Bethlehem and runs along the north bank of the Lehigh 
2i miles to near AUentown, where it sinks beneath an an- 
ticlinal arch of Potsdam sandstone. 

These mere crests of mountains sunk beneath the lime- 
stone formation, would become mountains 2000 or 3000 feet 
high were all the limestone strata between them and the 
Lehigh river dissolved away. They must not be looked 
upon as sunken mountains in any other sense of the term. 
They were never higher than they are now* (except the lit- 
tle erosion which they have suffered since their uncover- 
ing), but on the contrary have ascended from an immense 
depth. Before the elevation and plication of Pennsylvania, 
these syenite strata lay buried beneath all the Palaeozoic 
formations, including the coal measures ; and consequently 
at a depth of 30,000 to 40,000 feet ; consequently where the 
normal temperature must have been between 600° and 800° 
Farenheit ; a heat which sufficiently accounts for their crys- 
talization ; and for the marbleization also of the limestone 
strata, the induration of the Hudson river states, and the 
partial metamorphism of the Oneida and Medina quartzites. 
The assistance of heat in effecting slaty cleavage will be al- 
luded to in its proper place, under that head of this report. 

The geology of Chestnut hill. 

Chestnut hill north of Easton^ is an outlying ridge of 
syenite, with a straight crest, and ought to show an anti- 
clinal structure if the South mountains do ; but it does not. 
Its rocks dip S. E. 31° at the Delaware, S. E. 69° on the 
summit half a mile west ; S. E. 30° at the road north of the 
city ; S. E. 43 on the crest, east side of the Bushkill ; S. E. 
41°, 100 feet down the south slope ; S. E. 66°, descending 
the steep to the Bushkill ; S. E. 48°, 40° and 38°, at the 
road along the east bank of the Bushkill in the gap ; S. E. 
66°, 41® and 40° on the west bank of the Bushkill in the 
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gap ; S. E. 28° on the crest i mile west of the Bushkillgap, 
and S. E. 54° west of the road below the last dip. 

The monoclinal south dipping structure of Chestnut ridge 
seems then to be completely established. Its rocks dip be- 
neath the limestone border south of it, but away from the 
limestone border north of it. Yet the limestone at the 
north edge of the gneiss at the Bushkill gap dips N. 28° ; 
at the bend of the road i mile west N. 12°, and at Sipe' s, 
north of the west end of the gneiss N. 80° W. 37°.— The 
Potsdam only appears at its west end (Sipe's) sliding from 
off it at a dip S. 80° W. 26°. 

Its monoclinal structure is also shown by the fact that a 
belt of magnesian strata (serpentine, &c.,) 200 feet wide 
borders it on the south side, but not on the north ; and these 
magnesian rocks dip S. 20° E. 44° at the Bushkill gap, con- 
formably with the underlying gneiss series to which they 
probablp belong ; but conformably also with the overlying 
limestone rocks (40°, 30°, 33°, 44°, 35°, 41°, 48°, 38°, 34°,) to 
which they may possibly belong. 

The Chesnut hill syenite is in massive beds like aU the 
South mountain gneiss ; and the. general sOuth dip is dis- 
turbed in many places (as seen in the Delaware) by many 
contortions such as no doubt pervade also all the rocks of 
the South mountains. 

The Weygatt is a syenite cliff overhanging the Delaware 
where the feldspar- quartz rock is cut by veins of epidote 
(a silicate of alumnia, with lime, or iron, or magnesia.) 

The serpentine belt appears on the Delaware south of the 
Weygatt. Here it is yellow serpentine with calcite crystals, 
grey limestone and asbestos. Far up the south hill slope 
is a mass of semi-crystalline greenish grey augite, and pink 
calcite ; tremolite crystals occur near by. Nephrite, bluish 
and pink, and containing small crystals of tremolite, 
abound in the serpentine just west of Wolfs old quarry. 
Just south of the nephrite is slaty, greenish and whitish 
talc, some of it compact, mixed with serpentine and per- 
vaded with fibrous carbonate of lime.* 

South of this band, is another of coarse syenite, with 

* See Rogers, (Jeol. Penn., I, p. 94. 
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reddish feldspar, containing tourmaline and sphene. One 
of the beds at the river water-level has its joints filled with 
soft asbestos. 

South flank of Chestnut hill. 

On the south side of Chestnut hill gap on the Delaware, 
the Potsdam shows as both common white sandstone and 
vitreous sandstone. * Over it the limestones are changed into 
crystalline dolomite holding serpentine, &c. 

In contact with a dyke of coarse granite near the south 
side of the gap, the slates, with bedding and dip still clearly 
perceptible, are changed into chlorite, mica and hornblende 
slates. In the coarser grits the original pebbles are vis- 
ible. 

Towards the north side of the gap, after passing a great 
thickness of massive, coarse, feldspathic granite, we come 
upon a massive bedded rock, apparently stratified, dipping 
steeply north. Just at the north end of the gap is a con- 
siderable talus of Potsdam sandstone. In the north-west 
flank of the hill the rock in place dips nearly vertically 
northward. 

Near the center of the gap is a considerable mass of dole- 
mite, serpentine marble and slate, which Mr. Rogers re- 
ports (p. 243) and explains by the hypothesis of a double 
anticlinal and included collapsed synclinal. He supposes 
also two eruptions of granite, altering the gneiss and other 
rocks. ^ 

Just west of the Easton-Wind gap roa^ silvery mica once 
abounded ; and scaly talc containing zircons. Near the 
reservoir spring is white and also greenish tabular tremolite, 
some of it minutely specked vrith graphite. In a meadow 
west of this has been found serpentine containing pink and 
white calcite, and irregular masses of tourmaline in crystal-, 
line serpentine. Augite crystals have been found. 

Approaching the Bushkill the syenite is flanked by a large 
bed of tremolite rock holding grey tourmalines. 

On the steep, facing the Bushkill (west bank), is beautiful 
dark green serpentine (streaked with calcite and asbestos) 

* Rogers. 
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lying in solid beds several feet thick, regularly stratified 
overlying the syenite beds. Serpentine slates lie between 
the massive serpentine beds ; and also micaceous beds. 

North JlanJc of CJiestnut Mil. 

On the north side of Chestnut ridge no serpentine belt is 
represented on the Six sheet map, nor any reported by the 
geologists of the First Survey except at one point, which 
certainly requires careful consideration, as it must mate- 
rially affect our views of the anticlinal structure of Chest- 
nut hill. 

At the north in Chestnut hill a road crosses it half a mile 
west of the Bushkill gap, and descends only 30 feet before 
it touches the edge of the limestone on the north sifle of 
the hill, at 360' A. T. Descending 30 feet lower, the road 
rises again 30 feet and makes a turn west a house standing 
on a low hill top 100 feet above the creek which sweeps 
around it. This is in fact a sort of spur from Chestnut hill 
pointing north-east, with a little limestone valley to the 
south-east, between it and Chestnut hill. 

This spur is colored limestone on the map. In this spur 
Prof. Rogers (Geol. Pa. , I, p. 95) speaks of slates, asbestoid 
and talcose slates, near the creek ; and west of this, higher 
up the hill, blue limestone in place close to the gneiss. "At 
the first of the above localities, the limestone in contact 
with the crystalline rocks forms only a tongue or point, 
running in from the westward, between the main ridge of 
Chestnut Hill and a smaller spur which runs out to the 
Bushkill a little above the new stone mill.* This smaller 
ridge consists chiefly of serpentine and talcose rocJcs^ 
bounded at a short distance on the north by the blue lime- 
stone. Some of the talc contains cubic crystals of sul- 
phuret of iron, and some of it is interspersed with fine green 
serpentine, in which crystals of zircon are said to have been 
found." 



For a more detailed account of the formations in North- 

* Published in 1858. 

6— D'. 
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ampton county the reader is now referred to the following 
chapters, which embrace the reports of the assistant geolo- 
gists who have studied the region : Mr. R. H. Sanders, Dr. 
H. M. Chance, Professor F. Prime, Jr., and Mr. E. V. 
D'Invilliers. 



Chapter II. 
The Slate region. 

(By R. H. Sanders.) 

The following report covers all that part of the great 
valley which lies between the Delaware river and the 
Schuylkill river, and between the Blue or Kittatinny 
mountain on the north, and the edge of the limestone on 
the south ; comprising the northern half of Northampton 
and Lehigh counties and the north-eastern quarter of Berks 
county ; with an extreme length of 50 miles, and a maxi- 
mum breadth of 13 miles. 

It^is an irregularly accidented low hill country, strongly 
contrasting with the limestone country which borders it on 
the south, both in the comparative number and ruggedness 
of its water-courses. This contrast appears upon the maps. 
The main streams flowing southward through the slate land 
into the limestone land have numerous branches in the 
slate and very few in the limestone ; and, instead of low, 
gently swelling divides or level plains, sudden and sharp 
ascents and descents between the water beds and the up- 
lands is the general rule ; and mill sites are numerous. 

There are, however, almost no well-defined ridges marking 
the outcrops of harder subdivisions of the great slate forma- 
tion ; so that it is difficult to separate the main belt into 
subordinate belts. The single exception to this is to be 
found in SJiocJtery ridge in Lehigh county. Perhaps Sand- 
stone ridge north of Hokendauqua may. also be cited. 

The whole mass is one formation, equivalent to the Hud- 
son River slate formation of the New York Geological Sur- 
vey, excepting that along the southern border, Mr. Prime 

(83 D3.) 
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reports occasional traces of the Utica black slate formation 
immediately overlying the Trenton limestone. 

This southern border of the slate district is everywhere a 
one-sided hill, or steep descent towards the limestone lands ; 
and an accurate representation of this border ridge will be 
found upon the contour line maps accompanying this re- 
port, and the preceding Report D'. 

The whole formation is divisible into an upper and a lower 
mass, the upper being more massively bedded, and there- 
fore supporting a somewhat more elevated country. Its 
uppermost beds constitute the southern slope of the Blue 
mountain. 

The large and important roofing slate quarries are all in 
the lower subdivision of the formation, as is shown in Fig. 
20. 

The thicJcness of the whole slate formation cannot be got 
by actual measurement. I have surveyed in successive 
years the entire extent of the slate belt of the great Cum- 
berland Valley, through Franklin, Cumberland, Dauphin, 
Lebanon, Berks, Lehigh and Northampton counties, 4. e, 
from the Maryland State line to the New Jersey State line, 
and have found no place where an accurate continuous 
measurement of the beds from top to bottom can l^e ob- 
tained. Even an approximation to the total thickness is 
not easy. Natural exposures are almost entirely wanting. 
The only places where the beds can be seen are in railroad 
cuts, on wagon roads, and at open quarries. The valley 
slopes seldom reveal anything, and the upland never. Oc- 
casional low cliffs are exposed in the river banks. 

The obstacle in the way of instrumental measurement 
and calculation, is the plicated condition of the belt, nu- 
merous rapid changes in the strength of dip, and numerous 
local anticlinal and synclinal rolls, some of them so sharp 
as to make it almost certain that some of the high south 
dips are north dips overturned. 

Although in New Jersey a thickness of only 3000 feet is 
assigned to the whole formation, the locality named being 
at the Delaware Water Gap, my measurements along the 
west bank of river make it more than 5, 000'. 
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Upper beds, mostly more than one foot thick, meafi»- 
ured from Williams* old quarry up to the Oneida Con- 
glomerate in the Delaware Water Gap, 1540' 

Lower beds, mostly of beds less than one foot thick, 
measured from opposite Belvedere up the river to R. 
Sohook's, 3700' 



Total, 6240' 

The top of the lower mass, at Schock's, could not be ac- 
curately located, and the total of 5,240' is more likely an 
understatement than an exaggeration of the actual thick- 
ness of the formation as a whole. 

Mr. Chance's independent measurement at the Water 
Gap places the two quarry beds at 1,000' and 2,350' respect- 
ively beneath the Oneida conglomerate ; and his estimate 
of the whole thickness of the slate formation is as large as 
mine. 

In Lebanon county, in Monroe county I got 6,000' as the 
probably total thickness.* 

These 5 or 6,000 feet of rocks consist of beds of slate 
varying in thickness from ji^y of an inch up to at least thirty 
feet, being nearly all of a dark grey, bluish-black color, fine 
and coarse grained, with occasional beds of sandstone which 
are not persistent. 

The descriptions of localities I have grouped, in separate 
townships, beginning at the north-east on the Delaware 
river, and ending at the Schuylkill. 

Each locality is numbered, and its number placed upon 
the map, with a line to represent the direction of the strike 
of the rocks, and a barb to show the direction and strength 
of dip ; the dip being always away from the strike line, 
and the barb being at right angles to it when the dip is 90°, 
and closing back upon it as the dip diminishes ; so that a 
line without a harb represents Tiorizontality. 

*Prof. H. D. Rogers gives the TJtica slate (his Matinal slate) at Martin's 
creek on the Delaware, as 800', but says of the rest of the formation that ** along 
the Kittatinny valley it is not anywhere susceptible of accurate measurement." 
(Geol. Penn. 1858, Vol. I, page 125.) 

• The formation thins away westward ; for, in Huntingdon county, at Rock- 
hiU gap, Mr. Ashbumer's measurements made it ojily 1,870' ; and in the gaps 
of Blair county my measurements gave only 900'. (See reports F and T.) 
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A. Notes of Quarries^ cfec, in Northampton, 

Upper Mount Bethel township, 

1. Washington Brown' s Quarry, — The quarry is on the 
slope of the mountain overlooking the Delaware. The 
quarry has only recently been opened. It is 75X75X40 
feet, and is 600 feet below the Oneida sandstone. ' The 
slates dip 25° N. 40° W. cleavage flat. The slates have a 
good color and are smooth, only a few have been made. 



' ^. John Morrison's Quarry, — The quarry is at the foot 
of the steep slope of the mountain, between 800 and 900 feet 
below the Oneida sandstone. The quarry was opened in 
1877. . It is 150X100 feet square, now full of wat^r, prob- 
ably about 50 feet d^ep. There is from five to fifteen feet 
of Drift on top of the slates. The slates are decomposed 
under the drift. Slates dip 20°, N. 40° W. Cleavage flat. 
The beds are four feet and under in thickness. 



3. J. W, Williams'' Quarry is half a mile northwest of 
Slateford. The quarry is 150X150X100 feet, with from 30 
to 50 feet of Drift on top, someof the bowlders in the drift 
are 2 feet in diameter. The thickest bed is 4 feet. The 
slate dips 20°, N. 10° W. Cleavage 2°, S. 10° E. The drain- 
age cut shows 150 feet of slate below the quarry. At the 
factory the ribbon slate is seen in the bed of the creek. 
They are about fifty feet below the quarry. The quarry is 
not being worked. 

This was the first slate quarry opened in Pennsylvania 
viz : by Mr. Williams, about the year 1812. It is described 
in Prof. H. D. Rogers' Geology of Pennsylvania, Vol. I, 
p. 248, as follows ; but the fault is not now visible, being 
buried under water and dfibris '. 

"The quarry at present {i. e. previous to 1858) is in the 
form of a beautiful amphitheater or circle of cliflfs, about 
100 feet in diameter, and at least 60 or 70 feet high. 

''The strata, fine bluish slate with ribbons of bedding, 
dip about 30° to N. 30° W., with remarkable regularity. 
In all the portions below a certain plane, apparently th^t 
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of a slip or a faulty the cleavage is very nearly horizontal ; 
but immediately above that plane, the cleavage planes of 
the first course curve down steeper and steeper towards the 
S. E. or S. 45 E. and in all the still higher ones the ten- 
dency is to a S. E. dip, but only very gently, except in the 
northwestern parts, where it is more obvious 

''The texture of this slate, in the absence of any defining 
fossils, suggests that it may belong to the Utica Slate Forma- 
tion, and it is quite conceivable that an axis at this distance 
from the outcrop of tlie Levant sandstone of the Kittatinny 
mountain may lift the Matinal slates to day, but this needs 
confirmation. The true stratification of the rock is only 
detected by the difference in color caused by numerous very 
thin layers, from a few lines to an inch or two in thickness, 
traversing the rock in bands parallel to each other, and at 
various distances not generally exceeding two' feet. These 
ribbons denote the direction of the dip of the strata, being 
seams of somewhat different composition from the rest of 
the mass. Between each two of these ribbons the layer of 
slate is homogeneous, or of uniform texture and composi- 
tion ; but a difference in the quality of the slate on the' two 
sides of one of these thin layers is quite common. 

' ' When we examine a new surface of the slate, the usual 
and permanent color of which is dark bluish-gray, the hue 
of these ribbons is nearly black ; but on exposure to the 
atmosphere they show after some time signs of spontaneous 
decomposition, and display a whitish efflorescence, which 
indicates that this part of the slate contains the sulphuret 
of iron. These ribbons are, therefore, carefully excluded 
from the slate when they undergo the operations of cleav- 
ing and trimming in their preparation for the market. 

"At one place in the quarry the dip of the strata, as in- 
dicated by that of the ribbons, is towards the W. N. and 
W. at an angle of about 30°. In the same part of the 
quarry the dip of the cleavage planes, or in other words, of 
the slates, is towards the south at an angle of nearly 50°. 
Here, however, is the same dislocation ov fault traversing 
the quarry as in the spot first described. 

"This/a^zZ^ is a slide of one part of the stratum upon the 
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other, and is from six to twelve inches wide, being filled 
with white calcareous spar and fragments of slate. The 
rock below it has not only a different actual dip from the 
portion of the stratum above it, just alluded to, and a dif- 
ferent direction also in the cleavage of the slates, but a dif- 
ferent quality in these slates themselves ; those beneath be- 
ing much superior to those over the dislocation. From this 
lower part of the quarry, nearly all the roofing and writing 
slates are derived. The best school slates are got from belts 
that lie directly beneath the sparry seam or fault. 

" The direction of the cleavage planes in this portion of 
the mass is nearly horizontal, while the planes of stratifica- 
tion dip towards the N. W., but at a very moderate angle. 

"The difference of direction of the cleavage planes above 
and below the fault, renders it possible that the dislocation 
and slide in the stratum took place after the mass had ac- 
quired this remarkable tendency to cleave in a direction 
oblique to the stratification ; for had the cleavage originated 
subsequently to the disruption of the rock, we ought to find 
it maintaining the same direction, and observing the same 
features on both sides of the fault. These facts concerning 
the change in the quality and position of the slates caused 
by the dislocation, indicate how numerous and minute the 
circumstances are which must be attended to by those who 
enter on the business of quarrying this rock." 



i, Emory Pipher quarry^ a few hundred yards west and 
slightly below Morrison's quarry, is an abandoned quarry, 
irregular in shape, covering about 200X100 feet. From 
the appearance of the quarry it has not been worked for 
some years. The beds seen are small, but only part of the 
face could be seen as most of the sides have fallen in. The 
dip in the south and central part of the quarry is flat ; at 
the north edge the slate dips 20°, N. 40° W. ; the cleavage 
20° south. At the school-house on the road passing this 
quarry a thin slaty sandstone shows. 



6, Snowdon quarry. (See Fig. 1.)— This quarry, owned 
by H. P. Jones, is 500 yards northwest of Williams quarry. 
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The quarry is 150X150X40 feet. There is 15 feet of drift 
on top. Two of the largest beds are 14 and 12 feet thick, 
the cleavage is 26° south. At the north side of the quarry 
there is a fault showing, probably the same fault as de- 
scribed by Prof. Rogers in the Williams quarry. The bed 
south of the fault dips 40° north. 

They make about 150 squares a month. The quarry is 
worked by one spar derrick, and run by horse power. It 
was started in 1870. 



6. The quarry, (Fig. 2,) worked by William Mannus of 
Scranton, on Peter Fry' s farm is not now worked. It is 
300X150 feet and full of water. 

There are no large beds to be seen in the quarry. 



7. L. Or one' s farm, 1^ miles north-east* of East Bangor. 
Here is a small abandoned quarry 50X50x15 feet. The slates 
dip 20°, N. 40° W., with a flat cleavage. The largest bed is 
2 feet thick. The cleavage does not look good, as it is 
twisted. 



8. J. Oyer" s farm^ \\ miles north of East Bangor. Here 
is a quarry 100X100 feet full of water. The beds that are 
above the water are 3 feet thick and less. There is 10 feet of 
Drift on top of the slate. Dip 10°, N. 40° W., cleavage 
20°, S. 20° W. 



9. Opposite Belvedere, The contact of the slates and 
limestones on the Delaware river shows by a high ridge. 
The dip is 70°, S. 20° E. and the cleavage 25°, S. 20° E. The 
same dip shows for three quarters of a mile up the river. 
The slates are thin bedded, compacted together, making 
solid beds, in some cases 10 feet thick, between loose rib- 
•^bons. From the river road up north until the road lead- 
ing from Centreville to Porterville is reached, nothing but 
ribbon slates show. 



10, Centreville. On the road half a mile east of Centre- 
ville, one foot of sandstone shows with a dip 25° south. 
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11. C, Wolffs farm on Martin's creek half a mile east of 
the township line. Here is a small excavation which shows 
the slate dipping 15°, N. 40° E. The cleavage dip is 60°, S. 
40° E. The slates are ribbon slates. 



Within a mile and a half of Bangor tlAre are 15 quarries. 
I will start at the most easterly one anc^go west with my 
description. 



12. East Bangor quarry^ No. 3. — Owned by Bry & Short. 
The quarry is on the north side of the railroad, east of the 
wagon road leading north from East Bangor. It is 150X50X 
50 feet. The dip of the slate is 5°, S. 40° W. Cleavage 20°, 
S. 10° W. The beds are rather small. The quarry is not 
being worked. 



13. Old East Bangor quarry. — Owned by Fisler & Mc- 
Kean. This quarry is across the road from East Bangor 
No. 1. It is 250X150X50 feet, with water in the bottom. 
The dip is flat, the cleavage is 20°, S. 10° W. When the 
quarry was visited they were not making slate, but strip- 
ping and putting in new hoisting machinery. The largest 
bed showing was 3 feet thick. The slate made looked good. 



U. East Bangor, No. ^.— Bry & Short's quarry, 300 
yards west of the old East Bangor quarry, is 200X150X60 
feet, with a dip of 10°, N. Cleavage 20°, south. The largest 
bed is four feet thick. They were not making slate but 
were stripping new ground. The quarry is worked by two 
cable derricks, run by one double-cylinder engine. 

15. East Bangor No, 1. — Bry & Short's quarry between 
East Bangor No. 2 and the railroad, is 250X200X100 feet. 
Dip is 20^, N. 20° W. Cleavage 20°, S. 20° E. The beds are 
16, 10 and 11 feet in length along the cleavage. The quarry 
is worked by one cable derrick. There are 5 shanties in 
operation. 



16. Star Quarry.— M.a]or Aims', 500 feet west of the 
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East Bangor No. 2, is 200X200X50 feet. Cleavage 20°, south. 
It is worked by three cable derricks run by one engine. 
They also have one spar derrick worked by horse power. 
There are 10 shanties running and also 3 small circular saws 
on school slates. There is an old quarry (not being worked) 
just south of thii^ on the same beds as the East Bangor 
No. 1. ' 



Washington township. 

Ooton Aim^s quarry^ is close to the township line, on the 
north side of the creek, it is 100X50X40 feet, with from 10 
to 25 feet of Drift on top. Dip 25°, N. 40° W. Cleavage 
20°, S. 4° E. The beds are all small. There are three shan- 
ties in operation. Some of the slates made are made from 
single beds, while others have two or more beds in them. 
The slates made from the ribbon slate are mostly bent; 
others are good except a few which are slightly bent. 



17. Bangor Central quarry^ one quarter of a mile west 
of the township line on the north side of the creek, is a 
cut 200X100X40 feet and 40 feet deep at the deepest place. 
The dip is 25°, N. 40° W. Cleavage 10°, S. 40° E. They make 
slate out of single beds and from two or more beds ; some 
of them are bent but very slightly. The quarry is worked 
as an open cut on the side of the hill. The beds showing 
are all small. 



18. Bangor Old quarry^ 500 feet west of the Bangor Cen- 
tral, is a side hill cut 50 feet deep at the face, with from 15 
to 30 feet of gravel on the top. The dip is 25°, N. 40° E. 
Cleavage 15°, S. 40° W. The slates on the bank are made 
from single beds and from two or more beds. Some of them 
are much bent. 



19. PowelVs quarry, — On the south side of the railroad, 
three quarters of a mile east of Bangor, is a side hill cut, 
300 feet long, by from 50 to 100 feet broad and 80 feet deep 
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at the base. The dip is 25°, N. 40° W. cleavage 15°, S. 40° 
E. There is from 5 to 15 feet of Drift on top. The largest 
bed is 4 feet thick. The slates on the dumps are made from 
one or more beds. All those with two beds in them were 
bent, some few of the others were also bent. 



W, Bangor Valley quarry. — A few hundred feet west of 
Powell's quarry is an irregular shaped cut 200X150X60 feet, 
the dip is 20°, N. 50° W. cleavage 10°, S. 50° E. There is 
from 5 to 10 feet of Drift on top. The largest bed is 3 feet 
thick. The quarry is on top of the Bangor axis and the 
slates are above the Bangor slates. The quarry is not be- 
ing worked. 



21. Bangor quarry, (Fig. 3.) — One quarter of a mile east 
of Bangor. Is 600X400X130 feet. A synclinal axis shows 
passing through the center of it, about 70 feet below the 
surface ; the plane of the axis dips 5° to the north, the cleav- 
age also dips 5° north. 

There i^ 30 feet of Drift on top of the south side of the 
quarry. The largest bed is 9' &' thick. The synclinal a^is 
pitches to the west, being the same synclinal that shows in 
the Washington quarry and the Bangor Union. The slate 
in the north end of the quarry would come to the surface 
at the railroad, on a line between the Washington and Ban- 
gor Union quarries. The slate on the south side of the quarry 
probably shows in the Washington quarry. There are 60 
men engaged in quarrying, besides the drivers engineers and 
splitters. The quarry is worked by horses and carts and 
also by three cable derricks run by separate engines. There 
are 42 shanties in operation. 



22. Washington Quarry, (Fig. 4,) owned by Fulmer & 
Wagner, just west of the Bangor quarry, is 150x100 feet, re- 
ported 70 feet deep, but full of water. There is 20 feet of 
Drift on top. Cleavage 12°, N. 30 W. 

23. Bangor Union quarry is some 250x250X130 feet deep 
at the deepest place, with from 10 to 20 feet of Drift on the 
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surface, the largest bed is 4 feet thick. The synclinal axis 
which shows in the Bangor quarry also shows in this one, 
but the plain of the axis dips slightly to the south instead 
of the north as in the Bangor. The quarry is worked by 5 
cable derricks, which supply material to 20 shanties. The 
derricks are run by one engine, which, working a line of 
shafting, connects with the cable derricks by conical friction 
wheels. The quarry is running on roofing and school slates. 
Those slates made just below the turn of the axis are bent ; 
the others are good. The beds in the quarry are tight and 
some of the slates are made across the beds. 



^^. North Bangor No. 1. — The south-east corner of the 
quarry is 200 feet west of the north-west corner of the Ban- 
gor Union. It is 200x200x40 feet at the deepest place. 
There is" 20 feet of Drifts and they make slate one foot below 
it. The cleavage is 10°, S. 30° E. The dip is 45°, S. 30° E. 
The two largest beds are 4 feet thick. There is a bed meas- 
uring 10 feet along the cleavage ; at the south end of the 
quarry this 10 foot bed has two feet of rock on the top of 
it, making only 8 feet of it workable. The beds show all 
the way across the floor of the quarry ; all of them are un- 
der 4 feet in thickness. 



^5. North Bangor No. ^ quarry, a few hundred feet north 
of No. 1, is 150X100 feet and about 40 feet deep, and is full 
of water. The dip is 35°, S. 30° E., cleavage 15°, S. 30° E. 
The beds that show are mostly small, under 4 feet in thick- 
ness. I was told there were two measuring 12 feet in the 
quarry, but could not see them as it was fuU of water. 



26. North Bangor No. 3 quarry (Fig. 5.), two hundred 
feet north of No. 2, is a side hill cut 150x200X100 feet at 
the face. Is of irregular shape and is worked at the center 
of the synclinal axis, the plain of the axis dips 15°, S. 30° 
E. The cleavage dips the same. 



27. Jacob O. Pystef s quarry one and a half miles S. E. 
of Bangor, is a small opening 50X50X20 feet. The cleavage 
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is 30°, S. 30° E. The dip could not be determined, the 
quarry not being worked, but there are a few rough ribbon 
slates on the dump. 

S8. Two miles 8. E, of Bangor^ on the east side of Mar- 
tin' s creek, on P. Pysher's farm, there is a small cut 50X30 
X30 feet, with the slates showing a dip of 10° N. and the 
cleavage 30° S. ; the slates all thin bedded, ribbon slates. 



29^ True Blue slate quarry (Fig. 6), on Martin' s creek one 
mile east of Pactoryville, an open cut of irregular shape, 
averaging about 150X150X80 feet deep. At the face the struc- 
ture is shown as above. In the cut the cleavage is 25° S. par- 
allel to the plane of the two axes. At the bottom of the 
cut a quartz vein shows one foot thick dipping 25° S. This 
vein spoils the cleavage for a short distance on each side of 
it. On the south-east corner of the quarry a few small 
quartz veins show. The slates are all thin bedded ; they 
have a good metalic ring, but those that have been exposed 
on the dump show signs of bleaching. The quarry is not 
being worked. 

Lower Mt. Bethel township. 

30. On Little Martin's Creek, half a mile above the 
school-house, ribbon slates show dipping 70° N. with a 
cleavage of 25° south. 

31. A quarter of a mile below the school- house ribbon 
slates show with a flat dip and cleavage of 25°, S. 10° E. 



32. In the bottom of a small hollow half a mile north- 
west of Martin's Creek Post Office, there is a small aban- 
doned quarry of ribbon slate. Dip 45°, N. 20° W. Cleav- 
age S. 20° E. 

33. Just about the mouth of Martin's creek the contact 
of the slates and limestones shows. The slates for half a 
mile up the creek are seen dipping slightly towards the 
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north, and are very much contorted. The cleavage is flat, 
the beds are small but not ribbon slate. 



34. Just east of where the road from Martin's creek 
crosses Mud run, vertical black slates show with an hori- 
zontal cleavage. The largest bed is two feet thick. 



S5. On the road leading down Mud run between Hutch- 
inson & Kahler's an anticlinal shows in the slates. The 
slates are ribbon slates. In the same cut two veins of quartz 
show dipping steeply to the south. 



S6. Just west of Hutchinson's ribbon slates show dipping 
N. 20° W. Cleavage 40°, S. 20° E. 



Forks township. 

The contact of II and III enters the township a few 
hundred yards south of its north-east corner, and passes 
through the township in a south-westerly direction, cross- 
ing Bushkill creek into Palmer township west of the Luth- 
eran church at Churchville. In Palmer township the junc- 
tion line is not well shown. The area covered by slates is 
a strip across the northern portion of the township half a 
mUe wide. 



Plainfield township, 

37. Hulls' quarry^ owned by A. & O. T. Hull, one mile 
north-east of Pen Argyl, is 250X150X80 feet. There is 15 
feet of loose slate on the top. The dip on the surface is 
68°, S. 10° E. but is steeper in the lower part of the quarry. 
The cleavage is 15°, S. 10° E. The two largest beds are 10 
feet and 7 feet thick. They work other beds in the quarry 
but they are smaller in size. Blocks come out of the quarry 
in good even pieces and split and sculp well. Prom the 
relative size of the dump and quarry I should say there 
was not as much waste as in the average run of the quarries. 
The quarry is worked by two cable derricks and has 5 shan- 
ties in operation. 
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S8. Pennsylvania quarry, at the north end of Pen Argyl, 
is 250X200 feet and full of water. At the north end the dip 
is 55°, N. 30° W. and gradually flattens towards the south 
side. The cleavage is 25°, S. 30° E. Seventy feet from the 
north end a 20 foot bed shows. Some distance below this 
there is a 6 foot bed. The rest of the beds showing above 
water are smaller. Most of the ribbons are tight. 



39. Jory quarry, owned by N. A. Jory & Co., is 
400X200X80 feet. It is worked in the center of a synclinal 
axis. The dip of the rocks is slight in the center of the 
axis. The plain of the axis is vertical, while the cleavage 
is horizontal. 

1^^ — This is the only quarry in which the cleavage can 
be seen at right angles, or any considerable angle to the 
plain of the axis. The beds worked are not large, but the 
cleavage making such a slight angle with the bedding large 
blocks can be taken out. They were making about 25 
squares a day with 4 shanties at the time of visiting the 
quarry. There are two spar derricks worked by horse 
power. 



4jO. JacTcsorC s quarry is 300X200 by about 100 feet deep. 
It is worked by two cable derricks, run by two double-cyl- 
inder engines. There are 4 shanties in operation and they 
average about 4 squares a day to a shanty. The slates come 
out in good sized blocks, some of them 20 feet long. They 
split and sculp well and fracture rather well. 



1^,1. Robinson quarry, owned by Stephen & Jackson, is 
400X200X80 feet. Dip 28° south. Cleavage flat. The beds 
are 25, 16 and 12 feet long along the cleavage. The quarry 
is worked by one cable derrick and several spar derricks, 
run by horse power. The cable derrick is run by a 35 horse 
power engine. There are 16 shanties in operation. 



^. West Wasliington quarry. — Fulmer and Jackson, is 
150x75 feet and 50 feet deep in the deepest place. There is 
25 feet of loose material on top. It is on the same beds as 

7— D^ 
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the Robinson and the Jackson quarries. The best bed in 
the quarry is tlie gray bed^ which is also worked in the Jack- 
son. The following is the section measured along the cleav- 
age. The dip is 48° south, and the cleavage isjlat. Com- 
mencing on the top at the south end there is one bed 10 feet 
thick, 6 beds in 2 feet, there is a 2', 3'', and a 7' bed and V 
&\ 2\ 3'', V &', V 3'', r\ V &\ 10'', Q'\ V r\ 2," V 10'', 9", 
15' 6", 6', 3', 3 beds in 6"; 3' 7", 6", 2', 9", V 3", 4", 1', 2", 
11", 3", V 1", V 5", 6", 10' 2" the gray bed, 30 feet of beds 
2 feet and under in thickness, 4'. The 10 foot bed, at the 
top of the quarry has 2 feet of rock on top. It is a dark 
fine-grained sandstone. The gray bed has also rock on top 
of it. 



IfS. H, Young's farm \\ miles west of Blue Mountain 
Post Office. Here a small cut has been made in the side of 
the hill showing slate beds, the largest of which is 2 feet 
thick. The slate dips 15°, N. 20° W. The cleavage is 15^ 
S. 20° E. The cut is not into the solid slate. 



1^. Delabole quarry at the eastern end of the township 
one mile west of Factoryville. It is 150X100 feet full of 
water. The dip is 80°, S. 30° E. cleavage 25°, S. 30° E. The 
quarry is all in thin bedded slates. The beds are large be- 
tween the loose ribbons. There are a few slates left on the 
dump which show the cleavage to be slightly bent. 



l^B, Three-quarters of a mile west of the Delabole quarry 
thin bedded slates show, dipping 50° north. Cleavage 10° 
south. 



]fi. Pine Orove quarry.— EdAem^n & Co., is 200x159x130 
feet deep. Dip 60° to the north. Cleavage flat. The slates 
are all thin bedded. They make besides roofing slate, flagg- 
ing and fence posts. 

4.7. White OaTc quarry,— "l. Reed & Co , is 150X100X100 
feet. Dip 20° N. Cleavage 10°, S. 45° W. The joints are 
vertL'^al and in one part of the quarry it is 80 feet from joint 
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to joint. The slates are all thin bedded. For 300 feet north 
of the quarry the dip is the same. They average about 
3,000 squares of slate a year. 

4S. Samuel Seems quq/rry^ one mile north by east of Bel- 
fast, is 200X200X80 feet. Dijp 20° to the north. Cleavage 
fiat or slightly to the west. The slates are all thin bedded. 
The largest bed is 30 feet between loose ribbons, the other 
beds that are worked are 16, 12 and four feet between loose 
ribbons. They make about 4800 squares a year. They also 
make flagging and fence posts. The quarry is worked by 
two cable derricks run by one engine. 



Jfi. Young ^ Duck & Go,^s quarry, one mile west of 
Kessler's Post Office, has been abandoned and is full of 
water. Dip 20° north. Cleavage j^a^. The slates are all 
thin bedded. Prom the amount of material on the dump 
I should say the quarry was about 25 feet deep. 



50. James DecV s abandoned quarry, 100X100 feet, is full 
of water. Dip is 16° north. Cleavagej^a^. The slates are 
all thin bedded. 



51, Two miles north-east of Kessler's Post Office, thin 
bedded slates show dipping 20° north. Clearage 40° south. 



52, Davidson^ s quarry^ one mile south-west of Kessler's 
Post Office, is 150X100 feet, full of water. Prom the size 
of the dump I should say it was about 50 feet deep. It is 
abandoned and nothing left on the ground. The dip is 60°, 
N. 20° W. Cleavage 20°, S. 20° E. The slates are all thin 
bedded. 



53, Belfast qttarry^ half a mile south of Davidson's 
Quarry, is 150x75 feet and is full of water. There is 10 
feet of stripping. The slates are all thin bedded. Dip 20°, 
N. 20° W. Cleavage 20°, S. 20° E. 



5^. Half a mile south of the Belfast quarry, thin bedded 
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slates outcrop dipping 20° to the north, with ajlaf cleavage. 
300 yards further south the thin bedded slates dip 60° to 
the north with a fiat cleavage. 



66, At the school-house on the Pike just north of Belfast 
thin bedded slates show dipping 70°' N. The cleavage about 
16° south. 



BusTikill township, 

57. On M. Train' s farm 90uth of his house there is a shaft 
sunk for slates, 15 feet deep. The dip is doubtful but looks 
50° S. Cleavage is 50° S. The shaft just enters the solid 
slate. 



58. Just west of Jacobsburg a thin bedded slate shows 
with ^Jlat dip, and cleavage of 30° south. 



59. One quarter of a mile south of Jacobsburg the cleav- 
age is 10° south. 

60, Hughes Bros, quarry, — Three quarters of a mile S. 
E. of Jacobsburg, is 100X150x60 feet. The average dip is 
70° to the north and the cleavage is 20° south . The slates 
are all thin bedded, the longest distance between loose rib- 
bons is 25 feet. 25 feet from the top of the quarry z. fault 
shows dipping 20° to the south ; it has moved the slate on 
top 3 feet to the south. They make about 1500 squares a 
year, and have made as high as 8 squares a day to a split- 
ter, but 4 a day is a good average. 

61. Where the Bushkill creek leaves the township the 
thin bedded slates show with a vertical dip and flat cleav- 
age. 

62, Henry's quarry is 150x200x70 feet. Dip is 20°, S. 
50° E. Cleavage 13°, S. 40° E. The slates are thin bedded, 
the joints being vertical and running in different directions, 
the main joints are parallel to the strike. Some few quartz 
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veins show at the face of the quarry. The color of the dif- 
ferent beds of slate is almost identical. The planes of loose 
cleavage are from 5 to 7 to 12 feet apart. They make about 
3 squares a day to a splitter. The quarry is worked by 
two cable derricks, run by one engine. They make about 
1800 squares a year. 



63, One quarter of a mile north of Mill Grove thin bedded 
slates show, dipping 70° to the south, and. the cleavage is 
15° south. 



6J^, One mile west of Mill Grove thin bedded slates out- 
crop, with a dip of 45° to the north. 



65/ St, Nicholas quarry, — James Titas. On the town- 
ship line \\ miles west of Clearfield, 100X100X30 feet. Dip 
15°, S. 40° E. Cleavage 55°, S. 40° E. One bed shows 10 
feet thick, nothing else can be seen as the quarry is full of 
water. 



66. Douglass slate quarry, — On the north side of Bush- 
kill creek west of Douglasville, is 300X150 feet and full of 
water. The water is up so high that neither the dip nor 
cleavage can be made out. The slates are all thin bedded, 
some of them on the dump have bleached more or less and 
some of the layers have iron pyrites in them. 



67, Nearly two miles west of Cherry Hill thin-bedded 
slates show dipping 90°. 



68, One mile northwest of Cherry Hill thin bedded slates 
show dipping 45° to the north. 



69. \\ miles west of Cherry Hill in front of J. Heyer's 
house there are two small openings 50x75 feet and 20x20 
feet. The slates are thin bedded and on the dump have 
bleached and rusted badly. 



70, A few hundred yards further down the run there is 
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an abandoned quarry 100X100 feet full of water, probably 
about 40 feet deep. The dip is SS"" S., 40° E. and the cleav- 
age 15°, S. 40° E. The slates are all thin bedded. Those 
on the dump have bleached. 



71. DanieTs quarry is abandoned and full of water, 250X 
150 feet, probably about 40 feet deep. The slates are thin 
bedded with a fiat dip and cleavage of 20° S. Some of the 
slates on the pile have about 10 beds in them. There are 
about 50 squares on the pile, most of them have iron py- 
rites in them at the junction of the ribbons ; the slates on 
the end of the pile have changed color. Some of them 
have also thin veins of quartz in them. On the east side of 
the creek 100 feet north of the Daniel' s quarry, the thin 
bedded slates are seen turning to the north, the dip being 
20° north. The cleavage is 20° south. 600 feet further 
north the dip is 20° to the east ; 50 feet further north it is 
10° north. 800 feet north of this there is a small abandoned 
cut 60X60 feet showing the slates fiat. 



72. Half a mile north of Daniel' s quarry a small opening 
10 feet deep in thin-bedded slates shows, with a dip of 10° 
to the south and a cleavage of 15° south. 



73. Half a mile north of the above there is another aban- 
doned quarry 50X75 feet, full of water. The slates are all 
thin bedded, bleached and iron stained The dip is flat and 
cleavage 20° south. 



Upper Nazareth township. 

7J^. At the north end of the borough of Nazareth the slates 
are flat and rolling. 



75. One mile west of Nazareth on the Bath road, black 
slates show, with a horizontal dip. A high slate ridge shows 
1,000 feet north of the road, but the slates extend half a 
mile south. 
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Moore township, 

• 

76, Daniel Beef s quarry, — On the east side of the town- 
ship lialf a mile south of the railroad, is 150X100 feet, full 
of water. It is on the same beds as the St. Nicholas quarry. 
There is nothing to be seen. The dip is 10°, S. 40° E. Cleav- 
age 65°, S. 40° E. 



79, Chapman quarry is 500X300X130 feet. It has 6 
cable derricks, run by independent engines. There are 30 
shanties in operation. The splitters make from 2 to 6 squares 
a day, averaging about 4. The hoisting apparatus is very 
complete. They hoist a stone up 150 feet vertical and 300 
horizontal in about 2 minutes, the stones probably weighing 
about 2 tons. There is a large factory for making and plan- 
ing slabs and other sawed material. It has 3 diamond saws, 
4 planers, 1 jig-saw and 1 smoothing table. The diamond saws 
cut by a reciprocating motion, cutting through slate at the 
rate of an inch in 5 minutes. They make about 50 strokes 
a minute. The slates are all thin bedded. They split w^ell 
and are tough. The blocks come out of the quarry in large 
even pieces, some of them 20 feet long. They sculp and 
fracture well. 



80, A few hundred yards east of Chapman' s there is an 
abandoned quarry 250x250 feet, full of water. Could not 
get dip or cleavage. 



81, East of Chapman's and across the creek there is an- 
other small opening 50X50 feet, full of water. Cleavage is 
20°, S. 20° E. The dips could not be seen. The slates are 
thin bedded. 



8'2. Empire Quarry,, on the Manocacy creek one mile east 
of Chapman's is not worked. 100X100 feet, full of water, 
probably 50 feet deep. Could not get the dip. It is proba- 
bly vertical. The cleavage is 10° south. The slates are 
thin bedded. There is some iron pyrites showing in some 
of them.. There are also a few small quartz veins running 
through the slates. 
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83, Richard Mosef s quarry, 300 yards up the creek from 
the Empire, is 200X150 feet and full of water. The cleav- 
age is 20° south. The dip could not be seen. The slates 
are thin bedded. They weather to a slightly different color, 
and some show iron pyrites. 



<S^. MaucTi Chunk Quarry, at Chapman's Station, is 
200X150 feet, full of water. Dip vertical. Cleavage 22°, S. 
40° E. The slates are thin bedded. 



85. BetJiIeJtem Quarry is200Xl50xS0 feet. Thediponthe 
surface is vertical, then dips to the south a short distance and 
again becomes vertical. Cleavage is 10° south. The slates 
are all thin bedded. The distances between the loose rib- 
bons along the cleavage of the workable beds are 7\ 7\ 3^', 
9', 3', and 3'. The quarry has one cable derrick run by a 
15 horse-power oscillating engine. There are six shanties in 
operation. On the south side of the quarry they had to go 
down 60 feet before getting to good slate. On the north 
they went down only 20 feet. There is a quartz vein dip- 
ping to the south through the quarry 20 feet from the sur- 
face on the north side and 60 feet on the south. The slate 
above the vein has not a good cleavage. 



87. An abandoned quarry west of the last named and 
300 feet on the strike from it. The cleavage dips 10° to the 
S. 10° E. Joints vertical. It is two hundred feet square. 
A quartz tein shows in this quarry the same as in the Beth- 
lehem. 200 feet north of this there is another abandoned 
quarry 100X100 feet, full of water, but is not deeper than 50 
feet. 



88. Thomas Ryan' s Slate Quarry is 100X50X40 feet. The 
slates are thin bedded, joints vertical, cleavage horizontal, 
dip towards the south averaging about 60°. Some few 
slates have iron pyrites in them. 



89. Jacob Flinn^ s abandoned quarry, 1000 feet north- 
west of Ryan's quarry, is 100x40 by about 3(5 feet; dips 30** 
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to the north. Cleavage flat. I was told the reason the 
quarry was abandoned was that the slates were twisted. 
There are no slates left on the dump. 



90. A small abandoned quarry 1000 feet north of Chap- 
man's 60x60 feet and full of water. Dip vertical. Cleav- 
age S. 10° E. The slates are all thin bedded. 400 feet we^ 
of this there is another small abandoned quarry 100X40 feet 
full of water, with a vertical dip and cleavage of 10°, S. 20° E. 



91. An abandoned quarry^ one mile west of Chapman's, 
100X50 feet, full of water. Nothing to be seen except that 
the slates are thin bedded. 



92, HelmarCs quarry^ IJ miles south-west of Chapman's, 
dip 45° south ; cleavage flat ; joints are vertical. The slates 
are thin bedded. Those on the dump are bleached and iron 
stained and look poor. The quarry is 100x100 feet, full of 
water, probably 40 feet deep. 



93, McKees Quarry is 600 feet north of Helman's. The 
slates dip 22°, S. 25° E. Cleavage 15°, S. 25° E. The joints 
are vertical, running east and west and north and south. 
The slates are thin bedded. The quarry is abandoned and 
is 100X100 feet, and full of water, probably 60 or 70 feet 
deep. 



9Jt,. On the ridge a mile east of the Emanuel ^church, loose 
thin bedded sandstone covers the surface of the ground. 



95, 300 yards north of Emanuel church the slate dips 90^ 



to the north with a cleavage of 45° south. 



96. Northampton Slate Quarry^ one mile south-west of 
Chapman's. There are here two abandoned slate quarries, 
full of water. The southern one is 150X150 feet, the one on 
the north is about the same size ; they are separated by 
about 25 feet of slate ; in the south one the dip cannot be 
seen ; on the west side of this opening there is 25 feet of 
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loose slate ; 15 feet from the top there is a heavy vein of 
quartz dipping slightly to the south ; the cleavage is 20"", 
S. 40° E. The slates are all thin bedded ; those left on the 
dump appear very rough and thick ; some of them have 
iron pyrites in them, and they have changed color. 

97, An abandoned quarry^ (Fig. 7,) half a mile south 
of Chapman's, 150 feet square, full of water. The slates 
are thin bedded with a vertical dip The horizontal section 
in the figure shows the contortions in the strike of the rock 
at the north-west corner of the quarry. 



East Allen township. 

The contact of slate and limestone enters the township 
from Upper Nazereth east of Bath, takes a westerly direc- 
tion, crossing the railroad half a mile south of Bath, con- 
tinues on to the south-west for a mile, turns to the south for 
f of a mile, then turning to the west passing through Jack- 
sonville and then along to the west, keeping south of the 
road leading west from Jacksonville. 

Limestone outliers. There are three outlying patches of 
limestone in the north-western part of the township shown 
on the map. They are probably brought to the surface by 
the anticlinal which enters the slate south-west of Bath. 
Their shape cannot be accurately defined owing to the sur- 
face being covered with loose slate. 

98, Chester county quarry is 200x250X130 feet deep. The 
slates dip 20°, S. 40° W. Cleavage horizontal. At 10 to 40 
feet from the top of the cut, veins of quartz show parallel 
to the bed plates. The slates are all thin bedded and the 
beds differ slightly in color. Some few of the slates have a 
small amount of iron pyrites in them. The blocks coming 
out of the quarry are large and even in size. Some of them 
are 20 feet long 4 feet wide and 2 feet thick, but do not seem 
to split well. There is a little water in the quarry. It is 
worked by two cable derricks, run by one forty-horse i)ower 
engine. 
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At the corner of the road just north of the quarry there 
is an abandoned quarry, full of water. 



99. A limestone quarry, 1000 feet west of the Chester 
slate quarry. The dip of the limestone is 20° to the west. 
On top of the quarry there is a body of slate which is non- 
conformahle to the limestone. The slate is somewhat 
broken and has probably fallen down on the eroded lime- 
stone. 



100, A. KocK s quarry^ on Catasauqua creek 3 miles west 
of Bath, is 200X100 feet, and full of water. Dip 15° to the 
• north. Cleavage 5° to the south. The slates are thin bed- 
ded. On the dumps the beds have bleached to a different 
color. Some iron pyrites show in some of the slates. 



101, One quarter of a mile south of Koch's quarry the 
limestone outcrops, dip flat, with loose slate on top of it. 
1,000 feet south of this more limestone outcrops, and about 
50 feet lower the slates show. There is a small cut in the 
bottom of the hollow at this place but it is full of water 
and nothing could be seen. 



102. At the saw-mill, dark blue, thin-bedded limestone 
outcrops with a dip of 30° to the S. 30° E. There is a small 
amount of graphite on the bed plates. Just south of this 
outcrop of limestone, gray slates show, dipping 30° to the 
north, and at the road leading west from Jacksonville gray 
cement stone show dipping 35° to the south. 



Allen township. 

lOJf,. South of Kreidersville the slates dip 20° south and 
the cleavage 20° south. 



105. On the railroad at the north-west corner of the town- 
ship the slates have a slight dip to the south, averaging 
about 5° with rolls and twists and a few small vevticdlfaultSj 
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the cleavage is indistinct, dipping about 40° to the south. 
At the center and north end of the same cut the slates are 
flat with rolls and twists. Everything is contorted. The 
slates are thin bedded. 



106, An abandoned quarry lies a few hundred yards east 
of the railroad near S. B. Hoffman's house, having about 
5,000 cubic yards taken out of it. The slates dip 10° to the 
south 10° E. The cleavage is parallel to the bedding. A 
few quartz veins show in the slates which are thin bedded. 



107. An abandoned slate quarry 1\ miles north of Sieg- 
fried's bridge on the Central Railroad of New Jersey is 75x 
50 feet, full of water, probably 26 feet deep. The dip is 
flat. Cleavage probably flat. Thin bedded slates. Those 
on the dump are bleached to a dirty gray. 



Lehigh township, 

108. 8, Reple' s quarry. — Across the road from the hotel 
at Rockville is an abandoned quarry 100X200 feet, full of 
water. For 500 feet north along the foot of the hilL there 
are several small openings showing the slates flat and dip- 
ping 20°, S. 10° E. Cleavage dip 65°, S. 10° E. At the main 
opening the slates are flat. One bed shows in the bottom 
of the small cut 7 feet thick, all the other beds seen are 
smaller. 



109. Three quarters of a mile south of .Rockville there is 
the outcrop of a large bed of slate which has the appearance 
of good roofing material. The cleavage is 60° south. 



110. East of Harper's grist-mill an outcrop of small slate 
beds show, dipping 20°, S. 50° W. The cleavage dips eo"" 
south. 



111. Old Harpefs, now Henry^s quarry^ half a mile 
south-east of Danielsville. The dip is steep to the north 
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45° W. The cleavage is 45°, S. 10° E. The beds are small, 
with small tight ribbons. The cleavage in this quarry is not 
parallel to the strike^ but the strike of the rocks is not par- 
allel to the mountain ; if it were continued it would strike 
the mountain at from a mile to two miles and a half. The 
slates look good, some of them are of a different color, sep- 
arated by a wavy line but no ribbon. 

200 feet south of the quarry is an old opening now being 
filled up. 



112. J. Henry^s quarry^ (Fig. 8,) one quarter of a mile 
south of Harper's quarry, is 200X150X30 feet deep. The 
quarry shows a regular synclinal axis with the cleavage at 
the center and north side of the quarry vertical, but on the 
south side it appears to be about 60° south. 



113, Eagle slate quarry, — F. M. Hower. J of a mile 
south of Harper's there are two openings in a line with each 
other, the east one being slightly to the south-west. They 
are separated by 50 feet of rock. The dip is 80°, S. 10° E. 
Cleavage 60°, S. 10° E. There are no large beds, the cleav- 
age being nearly parallel with the bedding. Blocks of from 
20 to 30 feet in length are sometimes obtained. They make 
about 80 squares a day and also a few school slates. The 
quarries are about 100x200X60 feet. 



m, McChunk and National quarries, — These two quar- 
ries one third of a mile east of the Eagle quarry are close 
together. One of them is 100X150 feet and the other 
250X250 feet, both full of water. In the northern one noth- 
ing can be seen as the water was up to the surface. In the 
southern one the rocks appear to dip 80° to the south with 
a cleavage dipping 40° to the south. The beds that can be 
seen are small, the largest one not over 5 feet thick, but 
only 50 feet of the 250 feet in the quarry is exposed. The 
slates left on the pile are thick and have a poor ring. 



115, Uplinger & Griffiths^ quarry and Uplinger & 
Henry'' s quarry (Fig. 9.) These two quarries are 150 feet 
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apart ; 500 feet south of the Eagle quarry is Uplinger & 
Harper's quarry. The slate dips 80° to the north. The 
quarry is not worked, as it is full of water. 150 feet south 
at the north end of Uplinger & Griffiths' quarry the slates 
are flat ; for 300 feet more an occasional outcrop shows a 
flat dip ; at the south end of the quarry, where they are 
now working, a synclinal axis shows. None of the beds 
are large. The slates look good and are of a darker color 
than most of the other quarries. 



116. Continental quarry^ 1\ miles south of Danielsville. 
The quarry is abandoned and full of water ; it is 200 feet 
square ; the slates dip 80° to the south, and the cleavage is 
46° degrees to the south. One bed shows 10 feet thick in 
the middle of the cut. 



117. An abandoned quarry, i of a mile east of Daniels- 
ville and 200 feet north of the strike of the Continental 
quarry, shows a flat synclinal^ with the cleavage dipping 60° 
to the south. 



118. Col. B, Monref s slate factory is one mile north of 
Poplar Grove, where they make about 2000 school slates a 
day. 



119. Rewmlle Slate Co.^s quarry, one mile north of Pop- 
lar Grove on the south bank of Bertsch creek. The dip of 
the slate is 42°, S. 10° E. the cleavage 75°, S. 10° E. It is a 
side hill cut 75X125 feet and 90 feet deep at the face. The 
ribbons are tight and some of them jet black. The largest 
bed is 15 feet thick. The slate appears to break irregularly. 
The following are the thicknesses of the beds : The bottom 
bed 15 feet, then 4 feet of small beds ; one bed 15 feet thick ; 
25 feet of small beds, and one bed 10 feet thick on top. 



120. Neio York and Pennsylvania quarry, 1\ miles 
north of Poplar Grove. The quarry is abandoned and full 
of water. It was reported to me that the quarry was not 
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good, owing to the cleavage being imperfect and the slate 
rocky. Owing to the water nothing could be seen. 



1^1, Kestef s Meadow quarry^ leased by John Pauls 
and Peters, is 150X100x60 feet, and has from 10 to 15 feet 
of loose slate on top. The largest bed is 24 feet thick, 
other beds are smaller. The blocks come out of the quarry 
in large, even pieces ; they split well and the slate looks 
good. They are now working on the large bed. The 
quarry is worked on the south side of the synclinal axis, 
and the cleavage dips about 45° to the south. 



122, Doddridge quarry^ leased by Joseph Roberts, has 
just been started. The cut is down 30 feet, showing one bed 
11 feet thick, with a few small beds on top. The dip is 70° 
to the south 10° E. Cleavage 55°, S. 10° E. This quarry is 
500 yards north of the Kester Meadow quarry. 



123. J. Bemley^ s quarry^ one mile east of Walnut Port, 
is a small cut, not worked, 15 feet deep, full of water. The 
dip is 60°, S. 10° E. Clevage 50°, S. 10 E. There are two 
large beds reported in this quarry, the largest one 10 feet 
thick ; they probably mean 10 feet along the cleavage. The 
slates on the dump looked good. 



12Ji„ HeinhacK s quarry (Fig. 10), \\ miles north-east 
of Walnut Port, leased by Caskie & Emack. 

The section of the eastern face of the quarry shown in 
Fig. 10, gives the structure. The quarry is 100x200X60 
feet. The main cut was originally 150 feet deep. It is now 
partially filled by waste. It is now being worked by two 
tunnels, one driving to the east and the other to the west. 
The main opening shows the rock about vertical, but Mr. 
Caskie says that in the bottom they turned towards the 
north. The joints are mostly horizontal and quite persist- 
ent but are some distance apart, allowing large blocks to be 
taken out. In each of the tunnels there is a joint at the 
roof. The largest beds are from 10 to 15 feet thick, making 
along the cleavage about 25 feet. The whole 150 feet of the 
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breadth of the quarry is used for making roofing slate. 
There is a factory at the quarry for making school slate with 
a capacity of 10,000 cases a year. 



126. Owen Williams & Co.^s quarry^ a quarter of a mile 
west of Heinbacks. is 200x100X80 feet. There is 60 feet of 
slate, used for roofing and school slates. The largest bed 
is 8 feet thick ; there are other beds from 6^ 3' and 4 feet 
thick. 

100 feet west of this quarry Mr. David Williams has 
opened a quarry. He has only the gravel stripped off, 
which is about 20 feet deep. The beds he expects to strike 
are the same as in Oweu Williams & Co.'s quarry. 



127. Williams & Jones'^ quarry^ just west of Owen Wil- 
liams' quarry, is 200X100X90 feet. The dip in the bottom 
of the quarry is vertical. At the south side near the sur- 
face there is a roll in the rocks shown. The cleavage is 60°, 
S. 15° E. In this quarry there is a bed of slate from which 
they make the slate pencils. 



128. An abandoned quarry, just north of Walnut Port, 
200X200 feet, full of water. Nothing can be seen at it. 



129. On the railroad above the dam, the dip of the slates 
is 30°, S. 10° E. Cleavage 60°, S. 10° E. 100 feet further 
north the dip is 25° to the N. 20° W. Cleavage 60°, S. 10° 
E. Just above this an anticlinal shows with a flat cleavage. 
100 feet further north the slates dip vertically. 



ISO. A few hundred yards south of the wagon bridge the 
slates dip 50° to the south. 



ISl. A short distance from where the wagon road goes 
under the railroad, massive gray conglomerate shows, dip- 
ping 30° N. 30° W. It is made up of white and black peb- 
bles averaging one inch in diameter. There are also fine- 
grained gray sandstones. The junction of III and IV is not 
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Visible, but the slates 50 feet below are seen gradually turn- 
ing into sandstone. 



132, 100 feet north of the road crossing, is the last place 
the slates are seen and is 50 feet below the sandstone of IV. 
250 feet south of this an anticlinal in the slates is seen in 
the side of the road. The axis of the anticlinal is about 
vertical, and the cleavage is parallel to it. 



133. Two thirds of a mile south of Walnut Port the slates 
dip 75° south. There are some small beds of inter bedded 
sandstone at the same place. 



13^, Just east of Treichler's station the slates dip ver- 
tically. 100 feet each side of this the djp is flat. 



135, Bech^ Barge & Co^s quarry , one mile below Treich- 
ler's, cuts into the side of the hill at the east side of the 
railroad. Is 50 feet deep at its face. The dip is 15°, S. 10° 
E. Cleavage the same. The slates are thin bedded, dark 
blue with a good ring. 



136. On the railroad, at the township line there are three 
peculiar curves showing in the slates. The cleavage is par- 
allel to the axis of these curves. In the first one the axis 
dips 5° to the south. 500 feet north and under the above 
there is another flat turn with the axis horizontal, then 300 
feet further north there is a flat turn vdth the axis dipping 
10° to the south. 



B. Notes of quarries in Lehigh county. 

Washington township. 

138. li miles north of Slatington the slate dips 25° south. 
The cleavage 55° south. 



139. 500 feet south of the saw-mill the slates are flat. 
8— D*. 
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140, Abandoned quarry. — One mile norfli of Slatington 
is seen 25X1 CX) feet, a side hill cut 25 feet deep. The dip of 
the slate is 25° to the north. Cleavage 60° to the south. 



HI. At the southern end of Slatington the slates in the 
river are vertical. 



H2. 200 yards south of C. Zellman's on the railroad, fine- 
grained sandstone outcrops. Dip 20° to the south. The 
largest layers are 4 feet thick. 40 feet of sandstone shows. 
50 feet further south a synclinal shows with the sandstone 
on the south side of it vertical. 



llfS. 300 yards north of Rockdale the slates dip 45° to the 
south. The cleavage parallel. 



m. At the water station the slates are flat. Just south 
of the run the dip is 25° north. The rocks are slaty sand- 
stone and slate. Then for over a quarter of a mile south 
the slates are flat. They then change gradually to a dip of 
25° to the south. In the next 200 yards the dip changes 
gradually to 15°, N. 45° W., making a synclinal axis be- 
tween these two points. 500 yards further down the rail- 
road the dip is 20°, S. 45° west. 



HiS. 



H6. Captain D, D. Jones' new quarry. — Capt. Jones is 
engaged in opening up a new quarry on Welch run half a 
mile north of Slatington. The opening is flf ty feet square 
and thirty feet deep. The slates dip 10° south and pitch 
12° to the west with the cleavage vertical. They have sunk 
on to a big bed of slate a few feet. This bed outcrops sev- 
eral hundred feet to the east and is thirty feet thick. 
Twenty feet above the big bed there is a bed seven and a 
half feet thick. The other beds in the quarry are smaller. 
The slates made have a good ring, dark color and even 
cleavage. At the time of visiting the quarry they were 
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sinking on the big bed. The quarry is worked *by horse 
power. 



U7. Welchtown quarry^ John T. Robinson & Co., was 
opened 38 years ago. There are two large beds, one 27 feet 
along the cleavage, and another one on top 18 feet. They 
are separated by 25 feet of smaller beds. The quarry is now 
making 8 squares a day. It is being worked by a tunnel 
which goes on a 27 foot bed, which is the only one worked 
at present. 



IJiS. Williams^ railroad quarry^ a few hundred yards 
north of the Slatington depot, is about 100 feet square by 
100 feet deep. 



H9. Old Keystone quarry is not being worked, it is 200 
feet north of the Williams RR. quarry, and a side hill cut 
200 feet square, 60 to 80 feet deep at the face. There are 2 
large beds showing one 16 feet, then 10 feet of small beds, 
then a bed underneath of 25 feet. The slates dip W to the 
S. 10° E. cleavage vertical. The dip is the same all the 
way to the Williams quarry. 150 feet south of the Williams 
quarry the slates dips 70° south. Cleavage 30° south. 



150, Tunnel quarry, — On Trout run 300 yards above the 
river, works one large bed back of the tunnel. There are two 
smaller cuts along side the tunnel that have fallen in. 



151. 



152. An abandoned quarry. — Just above the Borough 
bridge on the south side of Trout run is a side hill cut 100 
X50X40 feet at the face. The slates dip 32° south. The cleav- 
age dips 64° south. There is from five to twenty feet of 
loose slate at the surface, the beds showing are all small 
being under four feet in thickness. 



163. Penlynn quarry is 150x150 by about 100 feet deep, 
dip 60°, S. lb° E., cleavage 40°, S. 10° E. There is a 20 foot 
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bed in the quarry. The other beds are smaller. The most of 
them are workable. North of the q\iarry 100 feet the slates 
dip 90° ; 200 feet further north they are flat. 



15 i. Old Quarry No, i.— 500 feet north 40° east from 
the Penlynn quarry, on the north bank of Trout run east 
of Washington quarry. The slates are vertical, the cleavage 
dipping 60° south. There are two 10 feet beds of slate with 
smaller beds between them showing in the quarry. 



155. Old Quarry No. ^, (Fig. 11,) is arbund the curve 
in the hill from quarry No. 1. 

The quarry shows a synclinal axis with the plane of the 
axis dipping 70° to the south. The cleavage also dips 70° to 
the south parallel to the plane of the axis. It also shows 
the bed thickening as'it curves around the axis from 27 feet 
thick to 35 feet. Just after the curve the distance from 
where it is 27 to where it is 35 feet is 50 feet. 



156. Old Quarry No. 3, is a short distance further down 
the creek from No. 2. The cut shows one large bed 20 feet 
thick dipping 28° to the south. The cleavage is 75° S. The 
quarry is not worked. 

These three quarries belong to James Hess & Co. 



156 a. Wasliington Quarry., James Hess & Co., is 300X 
200X75 feet deep. The east end of the quarry has been par- 
tially filled with a slide of loose material. At the south 
side of the quarry the slates are flat at the middle of the 
quarry, they turn sharply downwards, the dip becoming 
vertical. The cleavage is 60° to the south. There are two 
large beds in the quarry, the upper one fifteen feet thick ; 
then twelve feet of small beds ; then a bed twelve feet thick. 



156 h. Blue Vein Quarry, 200 feet south of the Wash- 
ington quarry, has the same beds in it. The quarry is 200 
X150X75 feet. There is a synclinal axis showing in the 
quarry, the axis dipping 60° south. There is an arUiclinal 
between this quarry and the Washington. Under the 
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twelve -foot bed there is a school-slate bed. The lower four 
feet of the big bed has rock in it. The ribbons, when they 
get under thirty or forty feet of cover,* become tight. At 
the south side of the quarry the slates are bent. This syn- 
cUnal axis passes north of the Penlynn quarry through 
Slatington, and shows in the Tunnel quarry. It does not 
show at the river, probably owing to a want of exposure. 



157, Blue Mountain Quarry^ (Fig. 12, ) 600 feet in length 
from east to west and 260 feet at its widest part, is 120 feet 
deep. The slates at the surface are loose from 10 to 15 feet 
down. The quarry shows the following section : The two 
large beds are 16 and 27 feet thick, separated by 12 feet of 
smaller beds. The quarry was started from 35 to 40 years 
ago, and was originally worked by Williams & Moser. It 
is now worked by 4 spar derricks and 1 large cable derrick. 
They are making about 55 squares a day. 



158, Columbia Quarry^ on the north side of Trout run 
north of the Blue Mountain quarry, is 300 feet long ; dip 
vertical ; cleavage 20°, S. 20° E. There is from 10 to 30 feet 
of loose rock on top of the quarry. 

500 feet south of the Columbia is an old abandoned 
quarry ; the dip of the slate is 70°, N. 20° W. The cleav- 
age 50°, S. 20° E. 

150 feet south-east of this the dip is 10° north. 



159. American Quarry^ No. 1 and No. 2, (Pig. 13,) west 
of Columbia. Quarry No. 1 is 250X100 feet. There are 
two large beds 30' and 20 feet thick, separated hj 6 feet of 
small beds, one of these small beds being 2 feet thick. Just 
west of No. 1 is the American No. 2 quarry, which shows 
the section Fig. 13. 



160. Oirard quarry,, half a mile west of Columbia on the 
north side of Trout run. The quarry is 250x100x50 feet. 
It is not worked and full of water. There is one bed 15 feet 



thick showing. 
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161, Star Slate quarry is 300X100X60 feet. The slate dips 
70°, S. 10° B. and the cleavage 50°, S. 10° E. There are two 
large beds 27' and 18 feet thick. The quarry has 10 feet of 
clay on top of it, and 4 feet of blue slate underneath the 
clay. 



162, Williams, Owen & Jones* quarry, — A small quarry 
40 feet deep and 100 feet square, in a line with the Star 
quarry, which shows the slate turning over towards the 
south. They have one derrick, worked by horse power, in 
operation and are working on the 27-foot bed. 



163. Franklin quarry (Fig. 14) is \\ miles west of the Slat- 
ington depot and north of Trout run. (There are several 
old openings south of it towards the Star quarry.) The 
Franklin quarry proper is on a flat synclinal and is worked 
by 4 spar derricks and one, cable derrick. The quarry is 
150 feet deep at the deepest place. 



165, Junction quarry is opposite the junction of the 
Slatedale branch railroad. It is abandoned andf uU of water. 
Is 200=100 feet square and shows one bed 15 feet thick. 
The rest of the beds are all small. The dip is steep to the 
south, and the cleavage is about 50° to the south. 

200 feet north of this is a small quarry 50X50 feet, full 
of water, and nothing could be seen. 

On the Lehigh and Berks railroad south-east of the junc- 
tion quarry a flat synclinal axis shows with a vertical cleav- 



age. 



166, Industrial slate quarry is 300 feet north of the Junc- 
tion quarry. They are working on the 20 foot bed. The 
quarry is worked by horse power. They are making about 
15 squares of slate per day. The slate dips vertically on 
the surface, curving towards the south at the bottom of the 
quarry. The cleavage is about 45° to the S. 10° E. 



167. An abandoned quarry 1000 feet west of the Industrial 
quarry, full of water, 200X200 feet. Probably 40 feet deep. 








,i.i. 1 i.i>k^^ 
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There are three other openings besides this. The largest 
one 300x100 feet. All of them full of water. There is one 
large bed 15 feet thick. 



168. An abandoned quarry 1500 feet from the east end of 
Slatington. Its section is shown in the section of the Blue 
mountain quarry. 



169, Blue Mountain slate quarry, (Fig. 15,) 250 feet 
north of the above quarry, is 200X40 feet wide by 60 feet 
deep. The largest bed is 27 feet thick. The slates dip 60° 
north. The cleavage is about 60° to the south. At the bot- 
tom of the large bed the cleavage is slightly curved. The 
section of the two quarries is shown iji Fig. 15. 



170. Monarch quarry, owned by Mr. Hersh, on the south 
side the creek from the Blue Mountain quarry, shows the 
same beds with a dip of 15° to the north and is not being 
worked. 

Across the road there is another abandoned quarry in 
which the slates dip 70° to the north, and the beds appear 
to be the same as those in the last quarry. 

There are two other quarries in the same field as this one. 
The largest is 150X150 feet and probably 50 feet deep. 



171. Lock Slate quarry, (Fig. 16,) one quarter of a mile 
west of Slatedale. At the south-east end of the quarry 
there is a small opening 50x50x50 feet showing a bed 15 
feet thick, dipping 85°, N. 10° W., with a cleavage dipping 
70°, S. 10° E. The main quarry is 400 feet in length. They 
are now working a quarry under ground by means of two 
slopes going down on the large bed. The hoisting is done 
by means of cable derricks worked by one engine. The in- 
clines are three feet apart. The structure of the quarry is 
shown in the section Fig. 16. 



172. Standard quarry, one quarter of a mile north-east 
of Slatedale, is 300X50X114 feet deep. There are 3 large 
beds 20', 8' and 16 feet, with 3 feet of gravel and 6 feet of 
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loose slate on top of the quarry. The 16-foot bed is the 
one worked. A large bed was opened at the west end of 
the quarry, but did not work well at that point. The rocks 
sculp and split nicely and come out of the quarry in good 
sized blocks. 



173, Grey slate shows in the south-west corner of the 
township, dipping 30° S. 20° W. 



17i, Gray slates, dipping 90° south. The sandstone that 
shows on the railroad one mile below Slatington makes a 
high hill that extends west over 2 miles' from the river. No 
solid sandstone shows, but the ground is covered with loose 
pieces. 



North Whitehall township. 

175, North Peach Bottom Slate Co.^s quarry^ 2 miles 
south-west of Laury's Post Office, is 250X200X90 feet deep 
at the deepest place. The slate beds are horizontal, with 
slight rolls in them. The cleavage is about horizontal. The 
joints are vertical, but make different angles with each 
other. They are capable of taking out blocks • 20 feet 
square. The largest bed between loose ribbons was 3 feet 
thick. About 30 feet from the surface, there are seggre- 
gated wins of quartz that split the cleavage f or.some dis- 
tance around the veins. On the top of the quarry there is 
a bed of sandy slate which does not split well, while the 
slates made of which there are only a few squares to be 
seen, are black with a good ring and smooth surface, but 
the second quality slates have a very uneven surface and 
look poor. There is a factory connected with the quarry 
that was engaged on an order for flooring for the Patent of- 
fice in Washington. 

176, There are very few exposures in the township at 
which the dip can be obtained. On the small creek that 
empties into Jordan creek in the south-west part of the 
township, there are two dips to be had just east of the 
school-house, the slate dips l(f to the south and a quarter 
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of a mile above the mouth of the creek the slates are flat, 
with a few small rolls in them for a half mile on each side. 



Heidelberg township. 

177. At the south end of Germansville, the slates dip 
65° south. 



178, On the Jordan creek one mile east Pleasant Corner, 
a sharply folded anticlinal shows, dipping 60° to the south. 
On the south side the dip is 50° south ; on the north side 
it is 70° south. 



179. Half a mile south the slates dip 50° south. 



180. li miles up a small creek that runs into the Jordan 
at this point, there is an abandoned slate quarry with noth- 
ing to be seen. 



181. One quarter of a mile east of Pleasant Comer the 
slates dip 30° S. 20° E. 



182. Diainond Slate quarry, (Pig. 17,) leased by Bartly 
& Bar, was opened 28 years ago. It is 250X150 feet. There 
are two large beds, one 24 and the other 30 feet thick, sep- 
arated by 5 feet of small beds. 

On top of the 24-foot bed there a few quartz veins, there 
are a few also in the slates above the 24-foot bed, the beds 
rise slightly to the east along the strike of the rocks. 

500 feet north of the main quarry is an old abandoned 
quarry, the slates dipping 45° S. 10° E. It has all fallen in 
and nothing is to be seen. 



South Whitehall township. 

183, An abandoned slate quarry on the Huckleberry ridge 
synclinal i a mile south of Guthsville is 200X100 feet, full of 
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water. The slates are vertical. The cleaviige dips 46° to the 
south, and the slates are all thin bedded. 



Low Hill township. 

18 l^.. As the north-east corner of the township the slates 
dip 15° S. 60° W. i mile further down a small run the dip 
is 45° north with a cleavage dipping 45° south, the cleavage 
has a curl in it. Just below Low Hill on the Jordan the slates 
dip 50° south, the cleavage is curly. A few hundred yards 
further down the slates dip 30° south. 



186,^ \\ miles down the creek the slates dip 50°, N. 10° W. 
They are dark blue and thin-bedded with no regular cleav- 
age, i mile further down the dip is 50°, S. 20° E. Slates 
massive and cleavage iiTegular. 



187. In the road across the Weidasville bend in the creek 
the ground is covered with pieces of quartz, 1^ miles down 
the creek from Weidasville the slates are fiat. 



188, Half a mile south of Low Hollow Post-Office the 
slates dip 50°, S. 10° W. The cleavage parallel to the dip. 



189. At the north-west corner of the township the slates 
dip 80° south. 

One mile north-east of Lyons Valley Post-Offlce the slates 
are fiat. 



190. One mile south of Claussville the slates are flat, and 
on the creek in the southwest corner of the township there 
are segregated veins of quartz showing in the slate. 



Lynn township, 

191. li miles east of Lynnport. the slates dip 55° to the 
south. 
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192, Laurel Hill Slate* Co' s. quarry. — Is one riirle north 
east of Lynnport. Is 75X50X60 feet deep. The dip is vertical. 
Cleavage steep to S. 40° B. The beds worked are 26', 10', 
8', 6' and 2' in length along the cleavage. 



193, Lynnport Slate quarry^ at Lynnport north of the 
railroad is 150X100X60 feet. 



19Ji.. At New Slateville there are two abandoned quarries. 
The one beside the road shows the northern half of the an- 
ticUnal axis, with one bed 4 feet thick. The others that are 
above water are small. The other quarry shows the slate 
dipping about 45° to the south with one bed 4 feet thick 
showing. 

195, Star Slate quarry^ (Fig. 18) George W. Greesiemer 
& Bro., at New Slateville, one mile north-west of Steinville, 
was started 13 or 14 years ago. Worked by the present 
owners since 1876. They make about 7,500 sqares a year. 
The cross section Fig. 18 shows one large bed 30 feet thick. 



G, Notes of quarries &c. in Series County. 

Albany tow7iship, 

196, Centennial quarry^ li miles west of Steinsville, 
owned by Faust Heinly & Bros., is 150X50X80 feet, the 
slates dipping 80°, N. 20° E. The following section shows 
the quarry and a small opening made on the large bed to 
the south. 



196, An abandoned quarry, east of the Centennial quarry 
nearly on the county line, shows a bed 20 feet thick dip- 
ping 70° to the north, with the cleavage vertical. 



Weisenhurg township. 

197. li miles north-east of Seiberlingsville an out crop of 
red slate shows in the road, but it is not roofing slate. 
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198. One mile north of Seiberlitigsville, along the curve 
of the hill, there is an outcrop of thin bedded gray sand- 
stone ; also, some light green slate. This outcrop shows for 
about a mile. 



199. An old quarry, east of Siepstown, near the town- 
ship line, is 10 feet deep. Dip 70°, S . 20° E. Cleavage 20°, 
S. 20° E., which is tolerably perfect. The slates look like 
good roofing slates. 

SOO, One mile south of this the slates dip 10° to the north. 
i a mile further south, in upper Macungie township, the 
slates dip 20° to the south. 



Albany township. 

At Trexler's Station the slates dip 20°, S. 20° W. i a mile 
west they dip 45° to the south. Just east of Mountain Post- 
Office the dip is 64°, S. 10° E. i a mile west of the Post- 
Office it is 80°, S. 20° E. li miles west of the Post-Offlce 
tlie dip is 63°, S. 10° E. Going on west into the cove at 
Dlffby Miller's the dip is 80°, S. 10° W. At S. Knesler's it 
is 52°, S. 10° E. At William Bolick's it is 90°, S. 10° E., 
and, also, near the same place it is 75°, S. 10° E. At 
John Berg's it is 90°. At this place there are thin bedded 
dark gray slates, with inter-bedded sandstones. The sand- 
stone is fine grained and in thin layers. The outcrop shows 
600 feet of slates and sandstones. At the new Bethel Church 
the slates are vertical. Just north of the church they dip 
45° to the south. 



£05, John OiWs flagstone quarry is two miles from 
Kempdon Station. The sandstone dips 65° south. The 
strike of the rocks would carry it directly into the point of 
the mountain. The sandstone comes out of the quarry 
with rough faces, but after being dressed it looks good. 
Just north of this quarry the slates dip 35° south. 



&06. One mile east of the above quarry there is red slate 
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with a dip of 20°, S. 10° E. The slate has patches of green 
in it. 



^07. On the road just below the Grist-mill the slates and 
interbedded sandstones dip 45°, S. 20° W. 200 yards south 
red slates about 40 feet thick show. Dip about 60° south. 



^08. Opposite the school-hOuse, light greenish sandstone 
outcrops. It makes the high ridge to the east called Round 
Top. 1000 feet further down red slate shows. 



^09, f of a mile south of the Grist-mill thin bedded olive 
slates show, dipping 80° north. 



210, A shaft on Stone run, 1^ miles above its mouth. 
There is down on red slate. The shaft is about 20 feet deep. 
The red slate is 20 feet thick. Some of it has spots of green 
in it ; also, some green slate. They did not get any roofing 
slates. The slate has not a good cleavage. 



211. One half mile north of this, a gray sandstone out- 
crop dips 90°, S. 10° W. 



212. Half a mile north of Wessnersville slates dip 45°, S. 
10° W. Half a mile south of Wessnersville red slate out- 
crops dip 90° south. 



213. Two miles south-east of Wessnersville olive slates 
dip 60°, S. 30° E. 



21i. One mile west of this outcrop red slates outcrop. 



Greenwich township. 

215. On the railroad, i a mile west of the township line, 
the slates dip 58°, S. 20° E. 



216. Opposite Lenhartsville, slates and thin bedded sand- 



SLATE KEGION. J)\ 129 

Stone dip 55°, S. 20° E. At the road crossing, red slates 
show. 



217. On the small creek 2 miles N. E. of Lenhartsville 
red slates outcrop. Dip 55° south. 



218, One and a half miles east of Smithsville, a fifty foot 
outcrop of red slate shows in the road. 



219, Half a mile north of Smithsville, red slates outcrop. 



220. Two miles west of Smithsville, 15 feet of red slate 
shows. Dip 55°, S. 30° E. 
At Klines ville, red slate outcrops. 



221. The hill a mile south of Klinesville is made of fine 
grained, thin-bedded sandstone. On the south side of the 
hill red slaies show in layers as far as the school-house, and 
along the road to the east for a mile and a half. 



222, One mile south of Smith ville slates dip 20°, S. 40° 
W. Half a mile further there is an outcrop of massive 
fiaggy sandstones. There are two small outcrops of Uifie- 
stone in the township ; the northern outcrop is on S. D. 
Kohlers farm. The length of the outcrop cannot be traced, 
owing to loose slate covering it. Just north of this outcrop 
the slates dip 35°, S. 20° E. 



223. The other outcrop is half a mile south of W. Hefl- 
ner's grist-mill. The dip is 10° north. The limestone is 
blue and thin bedded. 



Maxatawny townsMp. 

One and a half miles north of Kutztown the slates 
are flat, i^ a mile north of this and on top of the. hill above 
the junction of the slate and limestone, the slates are flat, 
but at the lower side of the same cut the dip is 45° west. 
9— D'. 
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One mile east of Monterey olive slates show, with a dip 
of 50°, S. 30° E. 



Richmond township, 

225, East of Yirginsville one mile, the limestone outcrops, 
^he most northern outcrop dips 30° north. A quarter of a 
mile south, with slate showing between, the limestone is 
flat with rolls in it. Half a mile south of this, with slate 
between, the limestone dips 30° north ; it is dark blue, thin 
bedded, and shows 100 to 200 feet, and has the appearance 
of the Trenton, Along the small creek half a mile east of 
this there is no limestone to be seen. 



226, i\ miles east of Virginsville there is an outcrop of 
thin-bedded sandstone dipping 30° south. 



227, Three quarters of a mile east of Merkel's saw-mill 
slates dip 90° W. There is some fine-grained sandstone 
also outcrops at this point. 



228, Just below Merkel's saw-mill slates dip 35°, S. 30° E. 



229, On the hill north of Moselem furnace slates dip 15°, 
S. 60° W. 



2S0, Three quarters of a mile south of Moselem furnace 
slates dip 20° north. 



2S1, One mile west of the furnace the dip is flat. 



Windsor township, 

232. At school- house No. 4 slates dip 90°, south 30° east, 
with some slaty sandstone. 



233. 300 feet south red slate outcrops and shows for half 
a mile east. 
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23 Jf,. Half a mile south of St. Paul's church red slates 
show 600 feet across the outcrop. How thick I do not know 
as there was no dip. A quarter of a mile east the same out- 
crop shows with a dip of 60°, S. 30"^ E. One and a half 
miles east of Hamburg the slates dip 60° south. 



235, One mile east where the old railroad grading is, there 
are alternating beds of slate and sandstone dipping 52° S. 
20° E. At the east end of Hamburg sandstone outcrops in 
the road. 



236. One mile north of Hamburg alternating beds of slate 
and sandstone show, with a dip of 76 S. 10 E. The dip is 
not regular but increases and decreases. 



237, One quarter of a mile below the lock-house the sand- 
stone dips 10° east. Massive sandstone of IV. 



238. 600 feet further up the river dark gray slates dip 
60°, S. 20° E. 200 feet shows underneath gray slate, slaty 
sandstone and thick bedded sandstones. 



239. One mile east of Hamburg, slates dip 60° S. J of a 
mile further east fine grained olive sandstone, 16 feet thick, 
thin bedded, dips 80°, S. 10° E. 



2Ifi. South of the run red slates show. Outcrop 30 to 60 
feet. Dip 60°, S. 10° E. 



2^1. One mile north of Windsor Castle slates dip 60° 
south. 

2Ji!2. Half a mile north of Windsor Castle slates dip 36° 
south. 

2Ji3. One and a half miles east of Windsor Castle slates 
dip 60° south. 



Perry township. 
S44. A jflagstone quarry^ at the north-east comer of the 
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township, worked by Jacob Derby. The stones make good 
flagging, and are taken out generally 2'X3'X3'' in size. Some 
are 10 feet long. They are dark gray and come out regu- 
larly. The sandstones roll to the north and south and dip 
to the north-east 20°. 



S4S. Half a mile west slates dip 60° south. 600 feet south 
limestone outcrops. Crop shows for 30 feet. This outcrop 
shows west for three miles. Just west of the Zion church 
it is flat with rolls in it. 



^4'^, One quarter of a mile north of the church the slates 
dip 50° south. 1000 feet south of the limestone red slate 
outcrops. One mile south of the above limestone outcrop 
there is another which is about parallel to it. 



^Ji7. On Peter Folk' s farm the limestone dips under the 
slate at an angle of 20° to the south. At the corner of the 
roads the slate dips 18°, S. 70° west. 



^JfS, One mile further west the limestone dips 32° south. 
Light blue and broken. 



^^. A mile and a half further west the limestone dips 
20°, S. 20° E. Is light blue with some slaty limestone on top. 
The outcrop of limestone shows again at the creek above 
the grist-mill. 



S50. W. Collie f s flagstone quarry^ three quarters of a 
mile north-east of Shoemakersville, is 150 feet long. 10 feet 
of flagstone exposed has from 5 to 10 feet of broken slate 
on top. Stones, from 2' to 4'x5' to 8', show dark gray gen- 
erally, 2 inches thick, with smooth faces. The joints are 
not regular, making a loss of about one third in squaring 
them up. Half a mile south-east of this quarry the slates 
dip 80° south. 



^51, A small quarry, two miles east of Shoemakersville, 
is 20x30x10 feet, lox flagstones. The stones on the pile are 
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6X6X3 feet. Quarry is full of water. One mile south the 
slates dip 50°, S. 10° W. 

252. At the north end of Mohrsville the slates are flat. 



253, li miles north of Shoemakersville on the canal the 
slates dip 45°, S. 30° W. 200 feet further north the dip is 
90°, N. 30° E. Might probably be the anticlinal that brings 
up the limestone further east. 



254. One mile further up the canal, the slates dip 60° S. 
30° W. 



Maiden Creek township. 

Could not get any dips. The only thing to describe is 
the direction of the junction of II and III. 



Ontelaunee township. 

255. One mile north of Evansville, limestone outcrops 
show 100 feet wide. 



256. If miles east of Leesport slates dip 55°, S. 20° E. 



257. One mile north of Leesport, slates and some slaty 
sandstone shows. Dip 40°, S. 20° E. 



258. Crane Iron Co's. ore hank. — Two miles and a half 
N. E. of Leesport consists of two open cuts now full of 
water. At one place could get a slate dip of 45° south. 
The surface is covered with loose slate, and pieces of slate 
coated with hematite. From the looks of the dump I should 
say that the mine had a great deal of slate in it. 



These same slates extend along the north side of the val- 
ley through Berks, Lebanon, Dauphin, Cumberland and 
Franklin counties into Maryland and Virginia. There are 
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no slate quarries opened west of the Schuylkill nor as far 
as I know have any explorations been made for roofing slates. 

But as the same slates go on across the state and as the 
cleavage shown by the outcrops have about the same ap- 
pearance there is every reason to suppose that there are 
many places in the above counties where successful quarries 
can be opened. 

It must be borne in mind however that the whole slate 
formation will not make roofing slates ; so that one or two 
small trial holes must not be taken as condemning the whole 
district. But a systematic search should be made, by trench- 
ing across the strike of the rocks where the surface indica- 
tions are good. 

The red slate which outcrops through the western part of 
Berks county on towards the center of Cumberland county 
needs careful examination, as some of the outcrops may be 
roofing material ; they are not all of them good. As trans- 
portation is a large item in the cost of slates the localities 
near the railroads should receive attention first; that is, 
along the line of the Schuylkill, Swatara and Susquehanna 
railroad, and along the line of the Southern Pennsylvania 
railroad. 



D. Structure of the slate belt. 

(Figs. 19, 20.) 

The exact structure of the slate belt cannot be worked out 
owing to a lack of exposures. 

The structure is in general a series of anticlinals and syn- 
clinals, which are closely folded and mostly overturned, the 
plane of the axes dipping to the south. 

The lines of the axes are approximately parallel. 

These axes may be divided for a general description into 
two series. The northern series or those nearest the mount- 
ain are those starting out of the long narrow limestone valley 
that crosses the Delaware from New Jersey at Portland. 

At the Delaware the number and size of the axes cannot 
be made out. At the Schuylkill there are probably four. 
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The other system is made up of axes which enter the slate 
belt from the southern bordering limestone, as shown by 
the tongues of limestone which enter the slate at different 
points. The direction and extent of these anticlinals can- 
not be followed through the slates. These axes are all ap- 
proximately parallel to each other and with the trend of 
the valley. From the few exposures that can be seen it 
can be said that the flexures are the sharpest and most over- 
turned along the southern part of the slate belt, although 
those along the northern part are closely folded and often 
overturned. 

The following cross-section through Slatington is the only 
continuous one that could be made. 

The section shows over a thousand feet of slates. The 
Blue mountain quarry works the lowest beds, being only a 
few hundred feet above the top of the ribbon slates. 

The following are the measurements of the different beds 
starting with the top : 



Ft. 

Unknown, but Includes large known workable beds, 400 

Small beds, ... . . 10 

Bed, 7 

Small beds, 20 

Bed, 81 

Unknown, 100 

Bed, 20 

SmaU beds, 25 

Bed, 15 

Small beds, 100 

Bed, 8 

Small beds, 4 

Bed, 10 

Small beds, 40 

Bed, 12 

Small beds, 40 

Bed, 10 

Small beds, 12 

Bed, 13^ 

Small beds, 50 

Small workable bed, — 

Small beds, 60 

Bed, . .' 12J 

Small beds, 60 

Bed, 15 

SmaU beds, 12 

Bed, 12 



Ft. 
400 

68 

100 

60 

100 



> 114 



351 



100 



nil 
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Unknown, 60 

Workable bed in, 60 J 210 

Unknown, 100 

Small beds, 26 

Bed, 16 

Small beds, 12 

Bed, 27 

Small beds and unknown, _ 150± 

Total, 1629 1629 



80 



The upper four hundred feet contain the beds worked 
around Heinback quarry and those around Slatedale. Their 
position in the four hundred feet is unknown. Below this 
section comes the 8700 feet of ribbon slate. 

The following can be taken as an approximate estimate 
of the position of the quarries, starting with the highest 
and going down : 

1. Those at Pen Argyl ; 2. those around the Heinbach 
quarry ; 3. at Slatedale ; 4. those north of Steinsville ; 
6. quarries around Slatington ; 6. quarries around Bangor. 
Then come the ribbon slate quarries. Their position in the 
ribbon slates cannot be even approximated, excepting that 
the North Peach Bottom quarry and Chester quarry are 
within a few hundred feet of the bottom. The Cahman 
quarries and those around Belfast are probably near the 
center of the ribbon slate. 



E, Roofing Slate Cleavage, 

The cleavage of the slates through this district has dips 
of all strengths from the horizontal to the vertical, and are 
independent of the strength of the dip of the slates cross- 
ing them at all angles. 

The strike of the cleavage dip and the strike of the rocks 
are parallel ; with the following exceptions : 

Half a mile noith of Howersville, Lehigh township, the 
slates dip 20°, S. 50° W., while the cleavage dips 60° south. 
Here the strikes are at an angle of 50° to each other, but as 
the dip strike is in an abnormal direction, it may be owing 
to the rocks folding around a dying axis, while the cleav- 
age dip keeps parallel to the actual strike. 
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At Henry's Quarry, i mile S. E. of Danielsville, the slates 
have a strike of N. 45 E. and S. 45 W., while the strike of 
the cleavage planes is N. 80° E. and S. 80 W. As this strike 
of the slate would carry the rocks into mountain from a 
mile to two miles to the N. E., it is probable that the slates 
are here bending around a dying axis. 

At the following eighteen quarries and cuts the slates can 
be seen curving around their axes. In seventeen of them 
it will be seen that the planes of the cleavage dip is paral- 
lel to the plane of the axis. 

While in one of them, Jory' s Q. , the two planes are at right 
angles to each other. 

Whether in this case the cleavage is parallel to a stronger 
axis of elevation than the one showing in the quarry, or not, 
there are no exposures to determine. 

The following list of observed directions of cleavage will 
be useful : — 

195, Centennial quarry, — Cleavage shows parallel to 
plan of anticlinal axis. The axis is double. Have a small 
depression in its center. Axis vertical. 

195, Star Slate quarry, — Cleavage shows parallel to syn- 
clinal axis, which pitches deeply to the south. 

168, Blue Mt, Slate quarry, — 250 feet south a synclinal 
shows the cleavage making an angle of about 10° with its 
plane. Bu t there is an anticlinal 100 feet north, the dip of 
which could not be seen. 

165. On Lehigh and Berks RR. above the junction of the 
Branch to Slatedale a flat synclinal shows, with vertical 
axis, and cleavage vertical. i 

16Jf„ See relation of cleavage to axis at the Franklin 
quarry. 

157, In the quarry there are two curves in the slates, the 
cleavage being parallel to their axis. Dip about 30° south. 

117, Old abandoned quarry in Lehigh township ; synclinal 
shows, with cleavage parallel to its plane, both being steep 
to north. 

112, J, Henry'^s quarry. — Synclinal shows plane vertical, 
with cleavage vertical. 

39. Jory' s quarry, — South of Pen Argyl synclinal shows 
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with the axis vertical; but the cleavage is horizontal. 
They are consequently at right angles to each other. 

At the Jackson quarry which is a short distance south 
the cleavage is dipping 20° or 30° to the south. 

At the Pennsylvania quarry which is several hundred 
yards north, the cleavage also dips 26° south. 

Ji>l, Roheman s ; cleavage flat. 

Ji2, West Washington quarry ; cleavage flat. 

37. HulVs ; cleavage 15°, S. 10° E. 

155, Old Quarry iVb. 2, Slatington, shows axis of syn- 
clinal dipping 70° to the south, with cleavage dipping also 
70° south. 

The big bed thickens from 27 feet to 35 feet at the bend 
of the axis. 

136, Oh C. RR. of N. J. there are three flat curves in the 
slates, one of them is flat, another dips 5° to south, another 
10° to south. The cleavage in each case being parallel to 
the plane of the axis. 

132. In the Lehigh gap on east side of the river a small 
anticlinal shows with vertical axis. Cleavage also vertical. 

12^. Heinhach quarry ; axis of synclinal dips 60° south. 
Cleavage also dips 60° south. 



F. Quarrying slate. 

The slates are all mined from open quarries. The quar- 
ries are worked by day labor, by contract, and by a mixed 
method of day labor and contract. 

In working the quarry by contract, the owner lets the 
quarry out, agreeing to pay a stipulated price per square 
for slates delivered on the bank. The other contract method, 
which is the most common, is to let out parts of the quarry 
to gangs of men, who quarry and dress the slate, the owner 
doing the hoisting and delivering the blocks at the split- 
ters' shanties. 

From four to six men generally take a contract together. 

The machinery necessary to work a quarry is a derrick, 
pump, one or more mine cars, a short track, several waste- 
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boxes, some chains, drills, hammers, crowbars, sledges, and 
splitting chisels. 

The derricks used are the ordinary spar derricks, with a 
wooden mast and wooden boom with wire guy-ropes and 
worked with wire ropes. The hoisting is done by horse 
power, but mostly by steam. The other kind of derrick 
used is called a cable derrick ; it is preferred by most of 
the quarrymen. A heavy iron or steel rope passes over a 
frame down into the quarry at an angle. The frame is 
made of three pieces of timber, twenty feet long by lO'^X 
10'', and a piece 16 feet 10"X16''. The three pieces 20 feet 
long are framed together in the shape of a triangle, with 
the 16 feet piece framed into the apex of the triangle. In 
the sixteen feet piece two slots are cut, in which are placed 
wheels to carry the cables. The upper wheel is placed so 
that its top just clears the top of the frame. The other 
wheel is put two or three feet lower down. The frame is 
then set up at a convenient place on the dump, some ten or 
fifteen feet from the edge of the quarry, so as to allow room 
for a track between it and the quarry. A wire cable from 
an inch and half to two inches in diameter is then passed 
over the upper pully, taken over to the opposite side of the 
quarry and fastened to an iron rod set in a drill hole on the 
side. The cable should be fastened low enough to make an 
angle of at least 10°. The other end of the cable is passed 
around a log, held in place by posts sunk into the ground. 
The cable is then stretched tightly over the pulley and 
fastened. Over this fixed cable a traveler passes. The 
traveler is made of an iron frame carrying four pully wheels ; 
the two upper wheels work on the fixed cable. The hoist- 
ing rope passes from the winding drum, through a block at 
the foot of the frame, up.through the sheave at the top, then 
through the first pulley on the traveler, down around a loose 
pulley, back around the second pulley and is fastened on to 
to the loose pulley. This loose pulley has a hook on its 
lower side to which can be fastened the waste-box or chains 
for hoisting blocks of slate. 

The hoisting is done by an engine of from thirty to forty 
horse-power. Those with double cylinders, working the 
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drum by friction clutches, seem to be preferred. The de- 
scent of the cable into the quarry is controlled by an iron 
strap brake around the drum, the engine being discon- 
nected. The following tenns being peculiar to the slate 
district, an explanation of them is given : 

Cable-derrick. A derrick composed of a fixed wire rope 
descending into the quarry at an angle from a post near the , 
edge of the quarry. Over this fixed rope a traveler passes 
composed of an iron frame with three to four wheels, the 
hoisting rope passing through the lower wheels, while the 
upper wheels travel over the fixed rope. 

Curl. A slate rock in which the cleavage is curved and 
twisted irregularly is said to have a curl in it. 

Ribbon. A thin bed of slate. 

Ribbon slate. Slates that are made up of a number of 
small beds. 

Sculp. To break a block of slate at an angle to the cleav- 
age, (approximately at right angles.) 

Split. Same as cleavage. 

Square of slate. The number of slate necessary to cover 
100 square feet on a roof 

In starting a quarry after the position of the bed has been 
determined, the first operation is stripping the surface de- 
posit and the weathered outcrop of the slate. The depth of 
this loose material varies from 10 feet to as high as fifty 
feet ; it will average about twenty. It is usually done with 
pick and shovel and the material removed with horses and 
carts. 

After the stripping has been done over a sufficient area 
then the work can be commenced of quarrying the slate 
blocks, this is done by means of drilling holes and blasting 
the slate. The position and direction of the holes requii'e 
skill and good judgment on the part of the quarryman ; it 
being not only necessary to move the largest amount of rock 
with the fewest holes, but which is of more importance 
the rock must be moved without shattering it, so that the 
greatest amount possible can be used. 

The holes are generally drilled at right angles to the cleav- 
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age, and so placed that the full advantage may* be taken of 
the loose joints and natural cleavage joints. 

After the slate block is loosened from its bed, if it is not 
too large, it is hoisted to the surface by the derrick, put on 
a truck, and run to a slate-maker's shanty, and dumped on 
to the ground. One of the splitter' s assistants then with a 
chisel and hammer cuts it into blocks of suitable size for 
splitting into slates. These blocks are about two inches 
thick and of sufficient surface to be capable of being dressed 
into finished slate of the various sizes. Supposing the block 
to come out of the quarry one foot thick, eight feet long 
and four feet broad — the bank-man takes a chisel and ham- 
mer and cuts a notch some three to six inches deep into the 
middle of the end of the block ; then with a large wooden 
mallet he drives a chisel into the end of this notch, watch- 
ing carefully the direction the crack takes. If it goes par- 
allel with one of the sides he continues; if not, by using the 
mallet on one or the other sides of the notch he brings it 
back towards the proper direction. After he breaks the 
rock lengthwise into two, he then cross cuts it in the same 
manner into four pieces. Then with a flat chisel he splits 
each one of the foot-thick blocks through the middle, splits 
them again, until he has them reduced to a thickness of 
about two inches, and then these blocks are piled up beside 
the splitter. 

The splitter takes a block and with a wooden mallet and 
a broad, thin chisel (he generally has two or more chisels 
of different lengths) he splits the block through the mid- 
dle, and continues dividing the blocks into equal halves 
until they are reduced to the thinness of a roofing slate. 

These thin pieces of slate with irregular edges are then 
taken by an assistant, generally a boy, and squared off into 
the regular sizes by means of a dressing machine. 

There are two kinds of dressing machines in general use. 
They are made of an iron frame work some two and a half 
feet high, having a horizontal knife edge on its upper side. 
Working against this knife edge is a curved knife, working 
in a hinge moved by a treddle. The upward motion is ob- 
tained by a spring. At right angles to the knife edge, and 
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on one side of the machine, an iron arm projects towards 
the workman. This arm has notches cut into it for the dif- 
ferent lengths and breadths of the slates. The other ma- 
chine is built in the same manner, except that the cutter re- 
volves on an axle something in the manner of an ordinary 
straw cutting machine. 

The old method of dressing slates which is only used 
in a few localities is this: A block of wood, some three 
or four feet long, has fastened into one end of it a knife 
edge, standing vertical, and parallel with the length of the 
block. The dresser uses a long heavy knife, with a bent 
handle. He cuts off with the knife two edges of the slate 
at right angles to each other. Then, with a stick that has 
a sharp pointed nail in one end and notches cut in it for 
the different lengths of slate, he marks the other two sides 
and trims them with the knife. This way requires more 
skill and is not as rapid as by the machine. 

The following table gives the various sizes of slates made 
and the number of slates that are necessary for a square : 



Size of Slate. 



24 by 14 inches, 

24 by 18 

24 by 12 

24 by 11 

24 by 10 

22 by 13 

22 by 12 

22 by 11 

22 by 10 

20 by 12 

20 by 11 

20 by 10 

20 by 9 

18 by 11 

18 by 10 

18 by 9 

18 by 8 

16 by 10 

16 by 9 

16 by 8 

16 by 7 

14 by 9 

14 by 8 



No. of 

slate to 

a square. 



98 
105 
114 
124 
138 
116 
126 
138 
151 
141 
154 
169 
188 
174 
192 
213 
230 
222 
246 
277 
316 
300 
327 



Size of Slate. 



14 by 7 inohes, 

14 by 6 

12 by 8 

12 by 7 

12 by 6 

12 by 5 

10 by 8 

10 by 7 

10 by 6 

10 by 5 

10 by 4 

9 by 8 

9 by 7 

9 by 6 

9 by 5 

9 by 4 

8 by 6 

8 by 5 

8 by 4 

7 by 5 

7 by 4 

7 by 3 



No. of 
slate to 
a square. 



374 

436 

400 

457 

570 

640 

514 

588 

686 

823 

1039 

600 

686 

800 

960 

1200 

960 

1152 

1440 

1440 

1800 

2400 



School slates are made from the slates that are softer 
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than the roofing material and with a fine grain. The slates 
are split in the same manner as the roofing slates ; then, 
with a small circular saw, the edges are turned up ; the 
faces are then smoothed off with a drawing knife and 
rubbed off with a cloth, using some of the fine dust to rub 
with. The frames are cut out by saws and put around the 
slates and pinned or glued together. 

At Bangor, Chapman's, Slatington, and at some of the 
larger quarries, works are established for making sawed and 
planed stuff out of the slates. They are principally used 
for paving or tiles, tanks, mantles, billiard tables, etc. 

The blocks of slate are first split to about the proper 
thickness. They then are sawed by means of circular, 
reciprocating, or hand saws to the proper shape. They 
then are put on a planing machine. The machine is simi- 
lar to those used in planing iron, only a broader cutter is 
used, and the bead is coarser. The machine shaves the slate 
down to the proper thickness, giving it at the same time a 
smooth, level face. These plates of slate are then put on a, 
rubbing table and polished off to the required finish. The 
rubbing table is a round flat piece of cast iron from six to 
ten feet in diameter, revolving horizontally on a vertical 
shaft. The block of slate to be polished is placed on top of 
this revolving plate and held by means of clamps from 
turning with the plate. Sand is then put on the plate and 
a stream of water run on it. The revolving plate carries 
the sand around with it and grinds the block of slate to a 
smooth surface. 

G. Statistics. 

The following table is taken from the Slatington News 
of January 25, 1882. 

It gives the shipments of slates from the Slatington region, 
which comprises the shipping points of Slatington, Walnut- 
port and the stations on the Schuylkill and Lehigh railroad. 

The amounts opposite the different names does not give 
the amount of slate made at each quarry but gives the 
amount shipped by each consignor. He may and often does 
buy slate from other quarries than his own. Some of the 



144 D'. 



REPt»RT OF PROGRESS. P. PEIME, JE. 



names given do not own or work a quarry, simply buying 
slate and shipping them. 

One case of school slates has from 6 to 18 dozen slates 
in it ; average 10 dozen to a case ; and weighs on an average 
149 pounds. 

The roofing slates average four to five squares to a ton. 



Consionor'b names. 


roottng 

slate. 


Is 


1^ 




12,717 
12,600 
8,424 
8,330 
7,022 
e,B34 
4,7S5 
4,554 
4,484 
4,467 
4,031 
31478 
2,504 
21224 
2,053 
2,(Ha 
1,707 

823 
783 
690 
572 
548 

sxa 

468 
423 
418 

400 

3ie 

250 
221 
220 
215 
210 
200 
105 
186 
170 
150 
130 
115 
95 
80 
80 
74 
50 


2,414 

282 

21 

3,556 

18 

5,799 
7 

1 
1 

13 




(Jaakie dt Rmaoh, 


23 


















































E. D. Peters, 


103 












Ontalaunee Slate Works, 












Jn. J, Roberta, , . 








Wra. T. Jones 4 Co., 
















Newell Slate Co. 
















■Wm. F. Jotiee, 

Gifflth Ellis, 








E J. Williama, .... ' ' ■ ■ 
















E. weiBB, . ::::■;:;:: 

BertolBtt Slate Co., 








J. S, SaiO & Co., 
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Hy. J. Roberts, 

Standard Slate Co., . . . 

A. W. Lerch, 

Jno. Bower & Co., .... 

G. A. Gotwald, 

E. B. NeflF, 

Levi Weiley, 

Thos. Weiss, 

Wm. Benninger, . . . . 

Levi Custard, 

H. L. & G. R. Davis, . . 
D. D. Hughes, . . . . 

D. A J. Moser, 

Jonas German, 

Saegersville Slate Co., . . 

Keever & Lutz, 

W. K. Moser, 

Guard Slate Co., 

Daniel Paules, 

Anonymous, 

To teams for country use. 
By Lehigh canal 



Total, , 

Thos. Kane, , 

D. C. Pratt, 

B. Maurer, , 

F. Shenton, . . . . , 
R. M. McDowell, . . . 
M. W. Wolf A Co., . . 
W. R. Lawfer, . . . , 
Holden M'f'gCo., . . . 
M. H. Eaton, . . . . , 

J. Laber, 

O. D. Thomson, . . . , 
Thomas &Bro., . . . . 

E. Ranch, . . , 
A. Crayon & S. Co., 

J. B. Lippincott & Co., 
A. B. Barnes A Co., . , 

G. D. Case & Co., . . . 
Sower, Potts A Co., . . 
J. B. Thomson, . , 
L. H. Yeager A Co., . , 
W. G. Reimer, . , . . 
Anonymous, 



Joseph S. Miller, 

H. N, Booz, 

R. M. McDowell, 



50 
47 
45 
45 
45 
45 
45 
45 
43 
40 
40 
40 
40 
40 
28 
25 
17 
4 
3 

300 
7,541 

133 



110,000 



1,783 



5,753 

2,542 

2,163 

1,478 

179 

22 

20 

19 

13 

10 

10 

10 

6 

4 

4 

4 

2 

2 

2 

2 

1 

997 



29,704 



341 
1 



7 
4 
2 



1,171 



Cases of Mantels. 

D. Williams, 44 

James Hess A Co., 24 

W. H. Seibert, 2 

Williams A Jones, 1 

71 
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Maotels, Pieces. 
Wllliam8& Jones, 2,70* 

Hearths, CaseB. 

Jan)«s Hees & Co., 1 

D. MoKenna, 2 



Fla^ng, Cases. 

D. WilliamB, 69 

The Lock Slate Co., '. 20 

W. H. Seibert, 18 

Fenoa. Slate Mantle Worke, 12 

Gaskie & Einach, 7 

WilliamBit Jonee, 5 

J. Hess A Co. 2 

D. McKenna. . 1 

Laarel Hill Slate Co., 1 

B. Qrevemyer & B., 1 

W. H. Qrimes, 1 



Flagfrng, Pieces. 

W. H. Selbert, 9,189 

». Williams, : 6,968 

Kuntz it Jacobs, 968 

KumAMoaer 65 

P M. Hower 50 

The Soob Slate Company, 43 

E. Weiss, 36 

Newell Slate Co., 27 

John T. Roberta A Co>, 6 

James HesBit Co., 3 

Williams A Jouea, I 



Flaggii^, CaaeiL 

Ontalunee Slate Works, 36J 

The Sooh Slate Co., 51 

Sageraville Slate Co., 2 

Kunti it Jacobs, 1 

Williams it Jones, 1 

Standard Slate Co., I 

D- M. Bartolett, 1 

46^ 
Sawed Slate, Gases. 

The Look Slate Co 9 

Williams A Jones, 

16 

Pencil Slate, Cases. 

Williams A Jones, 3 

Making a giand total of 29,920 tons of slate. 
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[The discussion of the geological theory of slaty cleavage 
is reserved, with other matter for the Appendix. 

The following notes on the slate quarries in 1874r-'6 v^re 
not published in the Report of Progress on Pike and Mon- 
roe counties, Gc\ 1882, although they formed part of Mr. 
Chance's special report on the Water gaps, which will be 
found in that volume, because they appertain exclusively 
to the geology of Northampton and Lehigh counties. — J. 
P. L.] 



The slate quarries in 1875. 
With four cross sections, 

(By H. M. Chanok.) 

i. The slate helt on the Delaware river. 

Throughout the formation the slates have the character- 
istic dark color of ordinary roofing slate. The thickness of 
the formation from the escarpment of the Blue mountain 
to the south end of the measured section (see G", page 341) 
is 2600 feet, south of which are at least 1300 feet more, 
making at least 3900'. 

On the hill side west of D. Bush's house are three open- 
ings, abandoned because of the poor quality of the slates ; 
which in the second opening are silicious and ferruginous. 

Here I saw traces of organic remains. 

In the first opening the silicious slates dip 15°, N. 20° W. 

At the Delaware there seems to be but two important 
beds of slate that yield material of sufficiently good quality 
to make a good roofing slate. These beds are situated re- 
spectively at 1000 feet and 2350 feet below the Oneida con- 
glomerate, (sandrock No. 1.) They are therefore separated 
by 1350. feet of rock. 

Upon the uppermost bed, or bed No. 1, are situated the 
New York and Delaware River slate quarry and the quarry 
near the Totts' Gap Road. A small abandoned quarry or 
opening on the New Jersey side of the river, about half way 
between the large quarry and the mountain, is on or very 
near the outcrop of this bed. 
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The New York and Delaware river slate quarry. — This 
quarry has a working face of about 40 feet. It has yielded 
more roofing slate than any other variety although it has a 
good bed of school slate from 8 to 10 feet thick. 

The dip of the slates in this quarry is 20i°, N. 33° W.* 

The second bed is 2350 feet below the mountain sand- 
stones and is opened by the John Williams' quarry and 
the New Jersey quarry. 

JoJm Williams^ quarry. — ^This quarry is situated in a 
very picturesque ravine about one quarter of a mile west 
of Slatef ord. It has produced but few school slates, though 
it has a bed 8 feet thick from which a limited number have 
been taken. At present (1874) nothing is being taken out 
but roofing slates. 

This quarry has been worked so deep that the water 
occasions considerable trouble. At the time it was visited 
(1874) it was partially filled and access was difficult. 

The dip of the cleavage planes is very flat (almost hori- 
zontal), with the exception of ten or twelve feet of rather 
harder more sandy slate, in which the cleavage dip is much 
more inclined. 

This is occasioned by the existence of a slide, the direc- 
tion of which has coincided with that of the bed plates. 
There is no break, and the plane of the slide is filled by a 
seam of calcspar from 4 to 12 inches thick, f 

By an examination of the section on the Pennsylvania 
side of the river it will be seen that if the second bed be 
prolonged it would outcrop about 1000 feet from the south- 
ern end of the section ; this would bring its outcrop exactly 
where this slate quarry is situated. 

The dip in'this quarry is 18° to 20°, N. 35° to 40° W. 
The New Jersey quarry. — This quarry is at present in 
the form of a large excavation, with a narrow entrance used 
for a tram-way and water-way. 

The quarry has however been worked too deep to use 

*In nearly all the exposures seen west of the river the slates dip more to 
the west than upon the east side ; the dip on the west side varying from N. 
30O— 40O VV. while upon the east side it generally is from N. 200—30° W. 

fThis seam is described by Prof. H. D. Rogers, Gteol. of Penna., vol. I, page 
248. 
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this entrance with advantage as an outlet for water, and 
the company has been engaged in constructing a tunnel to 
replace it. This tunnel is 600 feet long, and will be con- 
nected with the quarry by shafts. If this plan was adopted 
in many other similar instances, as for example at the Le- 
high, much annoyance and expense might be saved. 

The beds worked in this quarry are identical with those 
in the John Williams' quarry ; the same slide (?) traverses 
the quarry, the same school slate bed is seen, and the same 
beds of roofing slate.* 

The dip in this quarry is 38^ N. 28° W. 

In the factory belonging to this company there is a dia- 
mond saw used for sawing out slabs. The foreman of the 
works states that the diamonds wear more rapidly when 
working on slates than when sawing sandstone, and that 
the finer the grain of the slate the greater is the wear upon 
the diamonds ; and conversely the more sandy the slate 
the less is the wear upon them. 

Overlying the slate beds worked by this quarry is a de- 
posit of glacial gravel and bowlder drift from ten to twenty- 
five feet thick. Every year, as the workings were extended, 
a vast amount of this rubbish had to be removed. By or- 
dinary means this was so expensive that the company was 
very nearly compelled to stop work. The present foreman 
has however entirely obviated this diflBiculty (1874). 

At a distance of about a quarter of a mile from the 
quarry and many feet above its level, a small run has been 
utilized by means of a dam and flume. The water is con- 
veyed to the quarry through hose and under great pressure 
directed upon the bank. 

Immediately under this bank and around the edge of the 
quarry a plank trough is built (sluice), into which the gravel 
is washed and carried oflf. None but the very largest bowl- 
ders refuse to yield to the force of the water. 

The original outlay in the cost of construction, hose, etc., 
was not small, but the saving is very great. The cost of 

*In this quarry my attention was called to the fact that the school slate bed 
immediately overlies a bed of very sandy slate from three to four feet thick. 
This is probably the case in the John Williams' quarry, although I did not 
especially observe it.— H. M. C. 
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removal by the old method averaged from thirty to eighty 
cents per cubic yard; it is now very trifling, depending, 
however, upon the amount removed, as it costs but very 
little more to remove 1000 cubic yards than it does to re- 
move 500 cubic yards. 

The Scr anion Coal and Iron Company's quarry, — In 
the lowest part of this quarry there is found an unusually 
black slate. 

A peculiar overturn is exposed in this quarry. The nor- 
mal dip is 32°, N. 75° W., and the overturned dip is 32°, 
S, 65° E. ; showing the flexure to be rising as we go east. 
This may possibly be the eastern prolongation of the offset 
anticlinal^ which crosses the Blue mountains east of the 
Wind gap. 

, Between the limestone brought up by the axis of the an- 
ticlinal at Portland and the Kittatinny mountain, an over- 
turn, such as the one above described, is very unusual ; at 
the Lehigh it is characteristic of the structure. 

^. The slate belt on the Lehigh river. 

At the Lehigh Water gap the slate formation wears its 
usual character of black and blue slates, with an occasional 
flaggy or sandy member. The upper portion of the mass 
is well exposed, immediately underlying the Oneida con- 
glomerate, and consists of hard sandy slates, and dark 
steel-colored fine-grained sandstones, underlaid by soft 
shaly slates of a bluish black color. 

Between this point and Slatington the slates are so twisted 
and broken that it is impossible to fix the horizon of any 
particular stratum in the formation. The geological posi- 
tion of the roofing slate bands is therefore indeterminate. 
But from the general structure we can assert that it is very 
low in the series, and may belong to the Utica. The roof- 
ing slate horizon probably does not include more than ten 
or twelve beds of good quality, but these are repeated so 
many times that the impression that there is a much greater 
number of beds present is given to the casual or even care- 
ful observer. The flexures are often so sharp tliat the dips 
on both sides of an anticlinal or synclinal are approximately 
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parallel, and two beds are noted, where in reality but one 
exists. 

The identification and classification of these beds is very 
diflBicult, and can only be accomplished by a careful and 
prolonged study of the subject. A minute examination of 
the physical character of each bed, and of the number and 
arrangement of its ribbons, studied in connection with the 
structural geology, might lead to their systematic arrange- 
ment. 

Going southward from the mountain towards Slatington 
but few exposures are seen, and at these the slates are so 
broken and twisted that it is always diflBicult, and often im- 
possible to define the structure. 

At the junction of the slates with the Oneida conglom- 
erate (No. IV) they are finely exposed and are seen dipping 
conformahly beneath the mountain rocks. 

They are here of a very dark color ajid father shaly. Some 
distance south, near where the county road crosses (beneath) 
the railroad, hard sandstones of a dark steel color pre- 
dominate, and are finely exposed in a cutting twenty feet 
high. 

Two or three hundred feet further south an anticlinal roll 
is seen with dips of 30°, N. 5° W., and 45°, S. 45° W., which 
is therefore dying away to the west, and is evidently but a 
small local disturbance. 

From this point southward to the Chain Bridge there are 
no exposures. From this bridge southward for 320' a north- 
west dip prevails, varying from 45° to 30° to 80° N. by W. 

We next pass 170 feet with no exposures, and then meet 
a S. E. dip, which either forms an anticlinal or 2^ fauU 
with the previous N. W. dip. 

The next exposure is at the lock on the L. and S. canal, 
where a beautiful exposure of a slip is presented in a cut- 
ting twenty feet high. On the north side of the slip the 
dip is 23i°, S. 15° E. ; upon the south side 41°, S. 30° E. 
The slates on the south side are harder than those on the 
north side. The plane of the slip is clean and abrupt and 
free from dirt, and there is no curling over of the beveled 
edges, the slide having taken place along one of the bed 
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« 

plates of the steepesr dip. The cleavage upon opposite sides 
of the slip is nearly if not quite parallel. (See long section 
for sketch of slip.) 

Between this point and Slatington, a distance of abont 
two miles, there is but one reliable exposure, and here the 
dip observed is 35°, S. by E. 

Structure at Slatington. — We have here to deal with 
three principal flexures, viz : the Washington quarry anti 
clinal^ included between the Williams' quarry synclinal 
and the American quarry synclinal. And on these flex 
ures only has the horizon of good roofing slate been found. 

The most northern quarries are situated on dips of the 
Williams' quarry synclinal ; the most southern, on dips of 
the American quarry synclinal. 

The Williams^ quarry synclinal is seen in Williams' 
quarry No. 2. It is here overturned with dips of 70°, S. by 
E. and 25°, S. by E. From this quarry the axis runs west 
ward with a course of S. 87° W. , and is next seen in the 
Bangor No. 2.. It is here slightly overturned with dips of 
85°, S. by E. and 36°, S. by E. It is difficult to trace the 
extension of this axis westward, there being a lack of good 
exposures, but it can be stated with but little probability 
of error that this axis will be found a short distance north 
of the Columbia and American No. 1. 

The Washington quarry anticlinal when first seen ap- 
pears to be but a sharping of the dip from two to three de- 
grees of inclination to nearly or more than 90°. Eastward 
it probably dies out. Going westward it is seen at the 
American quarries. It here carries the beds of American 
quarry No. 2, into the air and brings them down again in 
American quarry No. 1. This axis curves gradually from 
a course of S. 85° W. to S. 67° W., passing just south of 
the Columbia and American No. 1 — where it is a true an- 
ticlinal — and about midway between the Girard quarries 
and Traut Creek quarry, where it is an overturned anticlinal. 

It can be seen at an old working east of the Washington 
quarry, and may be detected along the railroad above the 
Mantle quarry. 

The American quarry synclinal is well seen at the 
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American No. 2, and at the Eagle quarry. Eastward it 
passes but a few feet south of the Blue Vein quarry. Here 
it can hardly be recognized as a synclinal, being but a gen- 
tle curving of the dip from 80^ S. E. in the Eagle to 10°, N. 
W. in the Blue Vein. Westward it may be found just 
south of the Traut Creek quarry. It is here a true syn- 
clinal. 

In this vicinity, besides the main flexures described, there 
are several other roUs, which do not materially affect the 
district in which the quarries are situated. 

The Welchtown anticlinal, — North of the Williams' syn- 
clinal, and in the vicinity of the Welchtown quarry, an an- 
ticlinal axis traverses the strata, running nearly parallel to 
the othet flexures. 

South of the American synclinal, and between it and the 
Williamstown quarry, it is probable that both an anticlinal 
and synclinal flexure exist. 

Franklin quarries (No. 1). — Opened in 1853. Owned by 
Jones and Williams. 

Contains two beds roofing slate 19 and 27 feet. Product, 
roofing and flagging slate. At present (1875) some sixty 
feet below water level. The slates exhibit a gentle roll, but 
all dip due north. 

Traut Creek quarry (No. 4). — Opened in 1865. 

Contains one bed 27' thick ; dip 58°. About 60 feet deep. 
Not now worked. 

Welchtown quarry and tunnel, — First opened on west 
side of the river, at Slatington, about 1845 (Davis' quarry). 
Probably opened on same beds as the Franklin quarry. 

Benjamin Kern quarries, — Opened 1868-9. Dip 12"^, N. 
25° W . , in old quarry now abandoned. 

Girard quarries (Nos. 2 and 3). — Opened in 1866. For- 
merly the '' McDow." The larger quarry is about 400' long 
by 50' to 80' wide, and contains one good bed 27' split. The 
Washington quarry anticlinal traverses the quarry with 
dips of 20° to 60°, N. by W., and 73°, S. by E. 

The smaller opening is about 200' long by 50' to 60' wide, 
and contains two beds 23' and 35' split respectively, dipping 
67°, S. by E. A bed of school slate 7' split is also found 



SLATE QUAEBIES, 




158 I)'. KEPOKT OF PROGRESS. F. PRIME, JR. 

but is not worked. When visited (1875) both of these quar- 
ries were lying idle, and oontained much water. 

The 2T and 23' beds are probably the same with those 
worked at the Washington quarry. 

WilUainstown quarry. — Opened about 1847. An irregu- 
lar excavation about 350 feet long by 100 to 150 feet wide 
by 125 feet deep. Dip varies from 90° to 0° to 20° to 76°, 
N. AV. 

Contains three large beds 23', 12' and ^23' split and a 16' 
bed on the opposite side of the road. Was in good work- 
ing order, getting out a large quantity of roofing slates 
when visited in 1875. Owned by H. Williams, Esq. 

Columbia quarry, — Working same beds as American 
Nos. 1 and 2, viz : two beds. Dip nearly vertical, cleavage 
60°±, S. E. 

American quarry No. 1. — Working same bed as the No. 
2 quarry. The No. 2 quarry is situated on the axis of a 
synclinal^ and the No. 1 on the north dip of the Washing- 
ton quarry anticlinal^ running between the two openings. 
Dip N. 15° W., 75°. The bed is about 30' thick, giving 40' 
split. 

American quarry No. 2. — Opened abou 1 1870. No school 
slates, no slabs. 40' bed roofing slate. Dip slightly over- 
turned on one side of the quarry ; nearly flat in bottom of 
quarry. Strike about N. 82° E. Opening about 300' long 
by 100 feet wide and 40 feet deep. 

Eagle quarry. — Opened 1866-7. Roofing slates only, 
two beds 28' and 36'. In line with American quarry No. 
2, and shows the same structure. Strike about N. 75° E. 

Blue Vein quarry. — Opened in 1866. Thought to be the 
same with the Eagle, American and Columbia quarry beds. 
Dip about 15°, N. 15° W. This quarry is opened on the 
north dip of the American quarry synclinal. 

Daniel Jones^ quarry. — This is a small opening nearly 
in line with the above series, and situated on the S. E. side 
of Traut Creek. Dip 66°, S. E. Filled with water and not 
working at time of visit. 



* Not worked. 
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David Williams' quarry^ JVos. i, ^, and 3, — Quarry No. 
1 opened in 1873. Roofing slates only ; one bed, 40' split. 

Quarry No. 2 opened about 1845-50. Nothing but roof- 
ing slates. This quarry shows the synclinal axis already 
described at the Williams' quarry synclinal. 

Quarry No. 3 opened about 1863-4. Roofing, school and 
mantel slates. Several school slate beds from 4 to 10 feet 
split. 

These three quarries are situated along the track of the 
L. V. R. R. just north of the station. 

They are situated so close together that an almost con- 
tinuous exposure of the slates is in sight from the depot to 
the Keystone quarry. Going north from the station the 
dip varies thus : 55°, S. 20° E. (No. 1) ; then 70° S. E. (which 
is the north dip of the synclinal overturned) ; then 25°, 60°, 
0°, S. E., and finally in the Keystone 25° to 30° S. E. 

Keystone quarry is about 300 feet north from the Wil- 
liams' No. 3 quarry. 

Bangor^ Nos, 1 and 2. — These quarries, with the Heim- 
bach to the north, present the same structure as the Wil- 
liams' quaiTies. The Williams^ quarry synclinal is seen 
in the Bangor No. 2, with dips of 85°, S. 4^° E. (over- 
turned), and 35°, S. 

In the Bangor No. 1, the dip is overturned to the south — 
85°, S. 4i° E. 

ITeimbach quarry shows a dip of 35°, S. E. 

Washington quarry, — This shows the Washington quarry 
anticlinal. The dip on the crest of the arch is quite flat ; 
its north dip is from 80° to 90°. 

This quarry is a large excavation about 400 feet long, and 
nearly 900 feet wide. 



Chapter III. 
The limestone region, 

(By F. Prime, Jr.) 

i. The geological age of the limestones. 

In Report DD, on Lehigh county, pages 21, 57 and 79, 
reference is made to the fossils which have been found there, 
and it was pointed out that while a portion of the limestone 
was probably of Ohazy age, another portion was probably 
Ti'enton, 

In Northampton county a few fossils have also been 
found, which tend to throw a little more light on the ques- 
tion. The first of tliese were found in a quarry on J. Dech's 
farm, about one and a quarter miles south west of Bath, 
near the road leading to Jacksonville. Here in the north- 
west portion of the quarry there occurs a form which be- 
longs either to the genus Maclurea or Euomphalus^ which 
Mr. Hall has not been able to determine as the forms are in 
a very poor state of preservation. These fossils, like those 
mentioned of a like character in Lehigh county, are proba- 
bly of Chazy age. 

A short distance to the north-east of the last locality 
there are some encrinital stems, (on R. Krock's farm, where 
the limestone dips north-west 10°,) which are of Trenton 
age, as will be shown a little further on in this chapter. 

From this point eastward no fossils were met with until 
reaching Christian spring, where encrinital stems of the 
same kind as those just mentioned occur in abundance on 
Samuel Krock's farm in the upper beds of his quarry. 

From this point eastward to about half a mile beyond 
Nazareth, the limestone and shale exhibit an abundance of 
encrinital stems wherever weathered ; this condition of the 

( 161 D3. ) 
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limestone being apparently needed to render the fossils vis- 
ible. 

In J. P. Russ' quarry, south-west of and just outside of 
Nazareth, in addition to the encrinital stems in the top beds 
of the quarry, there are a few specimens of Orthis testu- 
dinaria in the lower ones. 

The next locality where fossils were found was on A. 
Knecht's farm close to the Bushkill creek and nearly a quar- 
ter of a mile south-west of Stockertown, encrinital stems, 
CJicBtetes lycoperdon and Orthis testudinarla occurring 
sparingly. 

At Churchville there is a quarry on the main road, oi)po- 
site the church, which is very instructive. The rocks have 
a gentle anticlinal roll, as seen on the map. In the upper 
beds of the quarry there is an abundance of encrinital 
stems, like those already mentioned, wherever the strata 
are weathered ; but where fresh unaltered limestone occurs 
these ar^ not so apparent. The lower beds contain a num- 
ber of specimens of Leptcena sericea^ Orthis testudinarla 
and 0, pectinella. This locality is important as proving 
the encrinital sterns^ and consequently the beds containing 
them, to be of Trenton age. Hence ^lerever these encri- 
nital stems are found in Northampton, Lehigh, Berks and 
other counties west of them we know that the rocks contain- 
ing them are of Trenton age. 

On I. Ackerman's farm, about a quarter of a mile east 
of Keller's tavern, there are two or three outcrops which 
contain the same encrinital stems. 

The last locality where fossils were seen was in the quar- 
ries along the Delaware river, south of and close to How- 
ell's cot ton -mill. Tieve Leptoena sericea, Orthis pectinella^ 
0, testudinaria^ Strophomena alternata^ Chcetetes lyco- 
perdon and one or two unknown forms were observed. In 
these quarries the fossils apparently lie in colonies of twenty 
to two hundred individuals, and not scattered indiscrimin- 
ately through the rocks. 

What then are the conclusions to be drawn from the 
paleontological^ stratigraphical and lithological facts stated 
in the previous pages of this and prior reports ? 
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First. That close to the junction of the limestones and 
slates we have undoubted evidence of the presence of Tren- 
ton limestone. 

Second. That whenever the encrinital stems occur, which 
an examination shows to belong all to one genus, the rocks 
containing them are either of Trenton or possibly of Hudson 
river age. The lithological evidence and the close associa- 
tion with the Trenton fossils throw the preponderance of tes- 
timony on the side of the Trenton age. 

Third. There being no evidence or indeed any sign of 
stratigraphical break in the limestones from the Trenton 
limestones downward, it must be concluded that the so- 
called magnesian limestones are of Trenton or still earlier 
ages. Mr. Hall considers that the specimens of EuompJia- 
lus or Maclurea found in Lehigh and Northampton coun- 
ties are gf Chazy age. 

Fourth. The lithological evidence, a poor guide, it must 
be acknowledged, but better than none, tends to show that 
the limestone on the north flank of the South mountain, 
range, close to the Delaware river, is of Calciferous age. 

Fifth. The evidence taken as a whole goes to show that 
the magnesian limestones correspond in age to the Calcifer- 
ous and Chazy epochs ; that we have Trenton limestone ; 
consequently that the slates and shales overlying the lime- 
stones must be of Utica and Hudson River age. There is 
not a particle of evidence that any of these limestones be- 
long to Huronian* or older epochs ; all the facts point the 
other way. 

Sixth. There has been a change in the sediments deposited 
prior to any during the Trenton epoch ; but this is due less 
to an increased amount of alumina, than to a decreased 
amount of magnesia. It is only necessary to compare 
the analysis given in previous reports to be convinced of 
this fact. The cause of this change is at present un- 
known. It may be due to alternating dry and wet cycles 
in which more of one chemical element would have been 
dissolved than another ; or to changes of elevations of some- 
what remote portions of the earth's crust. Possibly to 

* As suggested by Dr. T. Sterry Hunt. 
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changes in the river courses which were pouring their con- 
tents into the Siluro- Cambrian sea. But such views are at 
present mere speculations, not even worthy to be called hy- . 
potheses, and consequently foreign to this report. 

^. The Trenton Limestone, 

The Trenton limestone occurs in Northampton county, 
along the contact of the Siluro-Gambrian limestones with 
the Utica and Hudson River shales and slates. 

In passing northward from the Lehigh river the lime- 
stones, as they approach the junction line of the two for- 
mations, become less magnesian in composition, and con- 
sequently the relative amounts of lime and alumina they 
contain increase. The result of this is the occurrence of a 
hydraulic limestone, which, while worked more extensively 
on the west bank of the Lehigh River at Copley, may also 
be traced in Northampton county more or less continuously 
all the way along the road leading from Siegfried's Bridge 
to Nazareth ; and again in the neighborhood of the village 
of Martin's Creek. 

This limestone has been considered as forming a part of 
the Trenton limestone, more from its stratigraphical po- 
sition than anything else, since no fossils occur in it. 

Two companies, as mentioned in Rejjort DD, have 
tried to utilize the hydraulic properties of this limestone in 
Northampton county, but neither of them have done much 
of anything in the last four or five years, and every time 
the quarries have been visited by members of the present 
geological survey they have been found standing unworked. 
These companies are ''The Old Lehigh Cement Works" 
and ''The Allen Cement Company." 

It must not be supposed that because these companies 
have been apparently unsuccessful, that there is no future 
in the business of manufacturing hydraulic cement in this 
part of the State ; on the contrary the success of the Copley 
Cement Company shows what perseverance under difficul- 
ties can and does accomplish. Of course the composition 
of some of the cement-stone beds is far more favorable to 
the manufacture of cement than that of others, but all may 
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be more or less profitably utilized for careful intermixture. 
There is no reason why the, manufacture of hydraulic and 
Portland cements should not be slowly and surely extended, 
not only rendering this jportion of the State free from for- 
eign competitors, but actually rivaling these in many of the 
western markets on account of the excellence of the pro- 
duct and the cheapness of freights. 

These hydraulic limestones^ however, furnish but a small 
part of the evidence of the occurrence of rocks of Trenton 
age ; the proofs to be cited are far more convincing. 

At Christian spring and at all the localities between it and 
Nazareth encriuital stems like those found in Lehigh county 
occur in greater or less abundance, the limestone generally 
appearing to be of a shaly nature. 

To the west of the borough of Nazareth there is a large 
quarry having a north-west dip of 45°. A portion of the 
beds composing it are hrecciated ; the upper layers contain 
an abandance of encriuital stems, while in the lower ones 
there are traces of shells resembling Orthis^ thus showing 
the rocks to be of Trenton age. 

In the quarries having north-west and north-east dips, 
just east of the lower portion of the borough, there is an 
abundance of encriuital stems, showing that the limestone 
is of Trenton age ; and many of the outcrops are composed 
of hvdraulic limestone. 

The quarry to the right on entering Nazareth consists of 
hydraulic limestone. 

Following the road from Stockertown to Seips, where it 
approaches the Bushkill, several north dips may be seen 
between it and the creek. At this point fossils have been 
found, to be mentioned later. 

At the junction of this road with the Nazareth-Stocker- 
town road, the limestone is shaly and more or less hydraulic 
in character. Thel limestone outcrop between Stockertown 
and Churchville is of the same character. 

At Churchville there is a quarry which is particularly 
worthy of notice. The limestone of Trenton age forms a 
low anticlinal in the upper beds of the quarry. Where 
weathered, there is an abundance of encriuital stems, while 
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the lower strata are full of Ortliis testudinaria and other 
allied brachyopods peculiar, to the Trenton limestone. 
Where fresh the rock is of a dark blue, and of a dull and 
massive appearance. 

Following the Nazareth-Martin's creek road there is a 
quarry a short distance beyond Keller s tavern having an 
easterly dip. In this, as in the two other outcrops close to 
it, the limestone of a dull, somewhat earthy, appeaiunce 
contains encrinital stems. 

Just beyond Mud run the road ascends a steep hill, com- 
posed of shaly limestone, colored black by the presence of 
a large quantity of carbon, and the outcrops of this charac- 
ter continue all the way to the village of Martin's Creek. 
This limestone is erroneously described in the Geology of 
Pennsylvania, Vol. I, page 239, 1858, thus : — 

"On Martin's Creek the passage from the limestone to 
the slate formations exposes at least 300 feet thickness of 
the Utica hlack slate without fossils, and from 300 to 400 
feet thickness of fossiliferous Trenton limestone, all dip- 
ping at 30° on an average to N. 30° W., and all thoroughly 
cut up by cleavage-planes, which, for the most part, are al- 
most absolutely horizontal, except where they curve in a 
sort of waving or sigmoid bending between the planes of 
bedding. 

'' In the Trenton limestone are to be found Chcetetes Ly- 
coperdon,, and two or three other characteristic w^ell-known 
points of the formation. 

''Beneath this argillaceous Trenton limestone may be 
seen, in the first anticlinal south of the boundary of the 
limestone and slate, the smooth, massive marble beds visi- 
ble on the Mohawk, and characteristic of the higher mem- 
bers of the Auroral series." 

Returning south, along the Delaware River road, Tren- 
ton limestone, containing fossils, is seen in the quarries be- 
tween Howell's cotton-mill and Mud Run. 



3, The Magnesian Limestone. 
This group includes the Trenton^ Black River\ Birds- 
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eye^ Ghazy^ and Calci/erous sandstone limestones of the 
New York geologists. 

In other Reports of the Second Geological Survey of 
Pennsylvania the term SiluroCamhrian limestones is fre- 
quently used. They correspond to the Lower Silurian of 
Murchison and the geological survey of Great Britain and 
Ireland ; and to the Upper Cambrian of Sedgwick. 

As in Pennsylvania it has been impossible to distinguish 
the different ages of the limestones underlying the Trenton 
limestone, owing to the great dearth of fossils, it has be- 
come necessary to use some common name which should 
include all of them ; and none more appropriate could be 
suggested than that of Magnesian limestone^ which, first 
used by western' geologists for rocks of the same age, was 
afterwards adopted by the New Jersey Geological Survey. 
By Magnesian limestone^ however, is understood only the 
Black River, Birdseye, Chazy, and Calciferous limestones ; 
because the Trenton limestone is practically non-magnesian 
in the eastern parts of the United States. 

If we pass southwardly from the Kittatinny mountain 
over Northampton county, the first limestone met with is 
at Portland. It here forms an anticlinal wedge about one 
and an eighth miles long on the Delaware and extending back 
about two miles to Long's farm, where the last of it is seen. 
Its southern limit is quite distinctly defined, and the lime- 
stone is seen to pass conformably under the Hudson River 
slates (No. III.) The limestone which crops out seems to 
belong both to the Magnesian limestone and Trenton 
periods. The reason for this supposition is that the lower 
beds, which are extensively worked by Luther Keller, 
closely resemble lithologically those of the Magnesian lime- 
stone in the southern part of the county, and contain no fos- 
sils ; while at John I. Miller's quarry, one third of a mile 
south-east, where the limestone excavated belongs to higher 
beds, the same crinoidal stems occur w^hich have been found 
elsewhere in the county in rocks considered, for reasons al- 
ready stated, to be of Trenton age. 

At both the quarries the limestone has a south-east dip 
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and passes conformably under the slates as above stated. 
When, however, we come to trace its northern border this 
can only be done approximately on account of the glacial 
moraine which covers over and conceals the limestone. By 
following the river road from Portland to the Delaware 
Water Gap obscure traces of the limestone were once or 
twice found as far as the road leading down to the river at 
the public school, while a little to the north the slate hills 
make themselves apparent. Going west, limestone is last 
seen in an old and almost obliterated quarry on Long's farm. 
This small area of limestone on the Pennsylvania side 
of the Delaware is the commencement of a narrow lime- 
stone basin which extends into New Jersey for a distance of 
twenty-five miles to Branch ville in Sussex county. Its posi- 
tion and general direction seem to indicate that its upthrow 
through and exposure among the slates is in some way con- 
nected with the Offset Knob in the Kittatinny Mountain, 
east of the Wind Gap, the connection of the two being at 
present obscure and only to be determined by an instru- 
mental survey. 

On the west side of Northampton county there occur two 
limestone areas, one between Kreidersville and Seemsville, 
the other east of the latter village, which are very probably 
in reality one continuous area, the connection being con- 
cealed by drift and soil. Here too the limestone is con- 
formdble with the overlying Hudson river (No. Ill) slates. 
The outcrops are patches separated from the main body of 
the limestones by a narrow belt of the slates. 

The north border of the main body of limestone commences 
about half a mile north of Siegfried's bridge and continues 
nearly due east until it reaches a j^oint a little south-west of 
Bath. Here it makes a northward bend of about a mile 
and passing through Bath it continues with a zig-zag border 
almost due east to Nazareth. At the latter point it bends 
toward the north-east and continues in this direction through 
the village of Martin's Creek and then extends as a strip 
about half a mile wide parallel to the Delaware river as far 



MAGNESIAN LIMESTONE. D". 169 

as Belvedere ; here leaving Pennsylvania and crossing into 
New Jersey it extends to a little beyond Butzville in War- 
ren county. 

The southern limit usually outlines the northern border of 
the South Mountains, except at Bethlehem, where it con- 
tinues south through a break in the mountains and forms 
the Saucon Valley basin. 

Kogers in his Final Keport of the First Geological Sur- 
vey says* that the Calciferols sandrock occurs "about 60 
feet thick at Easton and that its characteristics are a coarse 
grey calcareous sandstone, containing drusy cavities, en- 
closing crystals of quartz and calc spar." Again f "The 
Auroral calcareous sandstone occur as a thin formation in 
the vicinity of the Delaware, presenting very nearly the 
type which it exhibits under the name of Calciferous sand- 
stone in New York. It seems not to have been everywhere 
deposited, for we meet with only occasional indications of 
it further towards the S. W. along the valley." 

Careful searches for this formation have been made near 
Easton both along the South Mountain, as well as along 
Chestnut Hill, and but one trace of it has been found which 
would distinguish it from the ordinary Magnesian lime- 
stone. This point is on the Delaware river about one and 
a half miles south-east of Easton. Here, on the river road, 
close to the junction with the Laurentian rocks there is a 
coarse sandstone having a S. E. dip of 32° which gradually 
passes into a limestone full of quartz grains ; above this at 
an interval of 15 feet is the ordinary limestone. This has 
not been observed at any other locality. 

An examination of the accompanying map shows the 
limestone lying conformably over the Potsdam Sandstone 
along the flank of the South Mountain between Allentown 
and Bethlehem : the general dip of the limestone is north- 
west and the amount of dip not over 25°. 

At South Bethlehem the ridge of Laurentian rocks which 
has formed the approximate boundary of the Lehigh ab- 
ruptly ceases, subsiding beneath the limestone. The latter 

* Vol. I, p. 105. 
t Vol. I, p. 238. 
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consequently folds around the eastern end of this ridge and 
is met with at several points on Fountain Hill generally- 
dipping about S. 82° E., and having a gentle dip of 16° or 
thereabouts. Having thus folded around and passed under 
a covering of soil across the valley leading to Lechauweki 
Springs it again becomes visible along the northern flank of 
the mountain on which Lehigh University is built, having^ 
a general north-west dip and overlying the Potsdam sand- 
stone conformably wherever the latter is exposed. Passing 
east the beds in the quarry of the Bethlehem Iron Com- 
pany have a^ north-east dip showing the limestone to be 
bending around the end of the ridge, south of Bethlehem. 

The limestone passes south, through the break in the 
Laurentian rocks, between Bethlehem and Shimersville, in 
the Saucon valley, and is seen close to the abandoned 
branch of the North Pennsylvania railroad having a dip of 
12° to the south-east. 

South of the Laurentian ridge, terminating south of fur- 
nace No. 3 of the Bethlehem Iron Company, the limestone 
reappears on the road from Shimersville to Seidersville, 
where it is seen, in a quarry on the road, to dip S. 50°, W. 
23°, dipping away from the Laurentian rocks a few hundred 
feet to the north. This synclinal, which is seen commenc- 
ing here, can be traced east to the North Pennsylvania rail- 
road track, the limestone at the latter point dipping 22° in 
the same direction, after which it is concealed by glacial 
Drift. 

To the east the limestone occurs forming a small bay up 
the Laurentian valleys south-east of Shimersville, but no 
reliable dips could be obtained. 

At Shimersville the Laurentian rocks come down to the 
Lehigh cutting off the limestone ; but about half a mile 
north-east the latter reappears at the quarries on the rail- 
road. Here the first dip is S. 23°, E. 45°, and this same 
direction of dip is visible about three quarters of a mile 
farther east, the limestone dipping S. 31°, E. 48°. At the 
former locality the limestone is thickly bedded, the beds 
becoming thinner towards the top ; it is gray and compact, 
with sometimes a tinge of blue ; some of the beds contain 
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a little intercalated liydromica slate. At the latter locality 
the limestone is blue and massive with a north-west cleav- 
age. 

The other side of the synclinal formed by these dips is 
nowhere to be seen, being covered by the soil and dibris 
which has fallen from the mountain ridge to the south. 

Close to the quarries just mentioned an a.nticlinal occurs 
indicated by the limestone dipping 21°, N. 33° W. At this 
outcrop the rock is bluish, compact, and thickly bedded ; 
it contains an abundance of small cavities, for the most part 
filled up with calcite, and there is a good deal of pyrite 
disseminated through it, more or less altered to limonite. 
Thirty feet east of the lime-kilns the limestone becomes 
very hydromicaceous, but it was impossible to ascertain the 
dix). 

Following the Lehigh Valley railroad east, the Lauren- 
tian rocks cut off the limestone once more before reaching 
Redington, but this only for a short interval, when the 
latter rock reappears having a varying south-west dip as 
seen on the map. It contains much flint and thin beds of 
hvdromica. 

The dip soon changes again to the south-east, and the 
little creek running into the Lehigh between the two last 
dips seems to be in a limestone trough. At this south-east 
dip thick massive beds alternate with thin shaly ones ; the 
limestone is compact and blue to dove-colored. 

At Redington there is a sharp anticlinal forming a promi- 
nent feature at that point. The limestone is compact, dark 
blue, thickly bedded and, in places, semi-crystalline. 

From Redington to Chain Dam the limestone has a north- 
west dip wherever observed. At the latter point there is 
again a change to the south-east, and between Chain Dam 
and Glendon there is an anticlinal formed by the Lauren- 
tian ridge which terminates a little to the east. Back of 
this ridge the limestone follows^ up a ravine of Lauren tian 
rocks for a little distance, stopping, however, before meet- 
ing the Old Philadelphia road. 

On the Lehigh Valley railroad track the brief north-west 
dip, forming the anticlinal, ceases opposite the store-house 
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of the Glendon Iron Company and the normal south-east 
dip again prevails. But passing to the Delaware, where 
the most southerly dips again appear, we find the limestone 
nearest to the Potsdam sandstone at this point to have a 
north-west dip for a short distance north of Morgan's hill, 
which changes at a slight ravine to a south-east one and 
retains this all the way to the Lehigh river on the north. 

If the strike of the limestones along the course of the 
Lehigh is noticed it will be seen that where the river makes 
its easterly bend at Allentown the limestones have a general 
northern dip. This seems to have been occasioned either 
by the mass of Laurentian rocks to the south of the river 
or else by the smaller uplift of the same rocks which occurs 
close to the north-east, and which subsides beneath these 
limestones. 

Along the river from this point to Freemansburg the lime- 
stone outcrops along the northern bank have a general 
northern dip. 

Sandstone, — Just west of the round-house of the Lehigh 
and Susquehanna railroad at Bethlehem there is a cut on the 
ti-ack. In this cut there occurs a sandstone bed nineteen 
inches thick, conformably interstratified with the limestones. 
The lower nine inches of this bed are a pure quartzite, 
while the upper ten inches are more of a conglomeratic and 
contain more or less limestone intermingled with the quartz. 
It is possible that this is the same sandstone* which has 
been noted as occurring near Trexlertown and Breinigsville 
in Lehigh county, in which case it has thickened considera- 
bly in the iuterval. It must be remarked, however, that it 
has nowhere been observed to occur between the two local- 
ities. 

At Freemansburg a sudden change in the direction of the 
dip takes place, produced by the upthrow of the Laurentian 
ridge south of the river ; and an anticlinal is formed in the 
hill cut through by the Lehigh and Susquehanna railroad, 
which is a continuation of the one on the east side of the 
river. 



* See Report of Geological Survey on Lehigh County for 1874, p. 34 and 36. 
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Between Gwinner's Island and Redington there is an an- 
ticlinal along the northern bank of the river ; the beds dip- 
ping north-west increase the amount of their dip suddenly 
as they approach those dipping south-east, and at the point 
of junction there is either a fault or else an exceedingly 
steep fold, most probably the latter, as it corresponds in 
position to the one at Redington east of the Ijehigh. 

West of Hope's station there is another anticlinal along 
the railroad track, which continues to limestone quarry 
west of Glendon and extends to a point due north of the 
Glendon Iron Works. From this point eastward the dips 
are almost south until close to the station of the Lehigh and 
Susquehanna railroad at Easton, where a pronouced south- 
west dip is met with, possibly due to the elevation of 
Laurentian rocks at Mount Ida in Phillipsburg. 

Returning to the western edge of the map we see that 
limestone occurs east of Allentown and west and north of 
the Laurentian rocks. Those dips which are closest to the 
Potsdam sandstone are conformable in dip to this ; but just 
beyond, a local synclinal followed by an anticlinal can be 
seen. This is doubtless due to the folds occasioned by the 
uprising of the Laurentian rocks. That portion of the lime- 
stone at this locality nearest the river is frequently brecciated; 
but a short distance to the eastward it becomes sandy ; 
while at the eastern-most lime-kilns it is dark blue, massive 
'and often vitreous. 

These are the last limestone outcrops visible for some dis- 
tance, as the drift conceals the outcrops. The next that are 
seen are north-east of Rittersville and north of the eastern 
end of the Laurentian hill where the limestones have a gen- 
eral southerly dip and are dark blue, massively bedded 
and more or less crystalline in character. This south-east 
dip continues to Bethlehem, where on the Nazareth turn- 
pike, just north of the borough limits, a small anticlinal is 
indicated. 

On Nancy run about 800 feet north of the Lehigh there 
is a synclinal, the bottom of which is seen and which is only 
a local roll. 

West of Wagnertown there are two northern dips, the 
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most western of which is a gray crystalline limestone ; while 
the one nearest the village is oolitic and appears to contain 
mAx^tmctfucoidal stems filled with sand. North of Hopes 
there is a north-east dip of a light blue crystalline limestone. 

Just east of Mine No. 26 there are two north-west dips 
of a dark blue crystalline limestone, but the amount of dip 
is so small that these are probably but local rolls. 

On the road from Catasauqua to Shoenersville we have 
the two quarries showing the collapsed or overturned an- 
^icZmaZ^ illustrated in Report of Progress in Lehigh county 
1875-6. 

Just north of Catasauqua there is a decided anticlinal on 
Catasauqua creek, which is apparently the expiration of an 
anticlinal coming from Lehigh county. 

About two- thirds of a mile southeast of Shoenersville, 
on the road leading from that village to Bethlehem, there 
is a local synclinal formed in intercalated damourite slate. 

On the Bethlehem-Nazareth road there is a north-west 
dip seven eighths of a mile north-east of Quaker Hill, and 
a north-east dip a little to the west of the first. 

At Hecktown there are several north-east dips. On the 
Bushkill, abouc five-eighths of a mile above where it cuts 
through Chestnut Hill, there is an anticlinal structure, to 
which the bend of the stream at that point is due. This 
anticlinal continues to the Delaware river, being at one point 
overturned and giving a local south-east dip. About a 
quarter of a mile south-east of Mine No. 4, there is a north- 
wast dip. Half a mile east of Mine No. 2 an anticlinal 
structure commences, which continues through Smoketown 
and can be followed almost to Mine No. 12, to which the 
north-west dip at Ne.wburg is probably related. 

We also have the north-west dips on the Easton-Stocker- 
town road, about three miles from the former town. 

Finally we have the synclinal which commences on the 

Lehigh between Siegfrieds Bridge and Stemton, passes 

through Howertown and continues, with intervals, rather 

near to the junction of the limestones (No. II) Avith the 

. slates (No. III.) 

Attention has been especially dravm to these north-west 
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dips as showing that all the dips are not to the south-east. 
This has been done in order to show the truth .of the law 
first laid down by Henry D. Rogers that in the Kittatinny 
Valley the flexures in the strata are folded and the preva- 
lent dip is to the south-east. Rogers ^ divides the waves into 
which strata are folded into ''symmetrical, normal and 
folded flexures." " The first is that of a convex or concave 
wave, or, in technical geological language, an anticlinal or 
synclinal flexure, in which the two slopes of the wave are 
equal in their degree of incurvation or steepness." Nor- 
mal flexures "display an excess of incurvation or steep- 
ness of flexure, on one side compared with the other." 
Folded flexures are those "in which there is an inversion 
or doubling under of the steeper side of each convex curve 
or wave ; when this structure is at a maximum, the folding 
back, downwards, of each convex or anticlinal arch 
amounts almost to a parallelism of the two branches or 
sides of the curve ; and where there are several such fold- 
ings, alternately convex and concave, the strata may be said 
to be crimped or plicated into one dip, though the entire 
change of direction through which the inverted portions 
have been bent, amounts to the supplement of the angle of 
the dip or the difference between the apparent dip and 180°. 
It is a necessary feature of all such folded flexures, that 
the approximately parallel sides of the folds dip obliquely 
and not perpendicularly to the horizon ; they are, there- 
fore, but exaggerated instances of the class of normal flex- 
ures. The Kittatinny or Great Valley is full of flexures of 
this extreme type, imparting a prevailing south-east dip to 
the whole outcrop." 

,Tf we look at the ISTorthamptcm county map accompany- 
ing this report, it will be seen that many of the north-west 
dips, above water, are included between south-east ones, 
and that in such instances the north-west dips are usually 
very steep. This but exemplifies the fact that we are deal- 
ing with true waves or billows, frozen as it were while in 
the act of breaking. In places the crest of the billow has 

* See the Geology of Pennsylvania, Vol. II, p. 888 et aeq. 
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curled over on itself, giving ns uniform south-east dips for 
both sides of the anticlinal, while at other points it has 
been arrested in the act of breaking, thus affording local 
steep north-west dips, the crest-line declining in a gentle 
curve towards each extremity. 

These waves have received their impulse from the south- 
east and were caused by the upthrow of the South mount- 
ain mnge, which in its upheaval and rise occasioned the 
contortions by which the Appalachians were formed, for the 
reader must bear in mind that the Laurentian rocks, which 
form the mountains known as the South mountain range in 
Pennsylvania, are a part of the great range which, known 
as the Highlands in New York and the Blue ridge and Blue 
mountains in the south, extends from Alabama to New 
England. Consequently, when this long range of mountains 
and hills was upheaved the force it exerted on the rock- 
strata on each side of it must have been enormous. While 
the rocks which lay to the .south-east have been in a great 
measure eroded or concealed by the later Mesozoic, Creta- 
ceous and Tertiary formations, those to the north-west ex- 
hibit in a grand and majestic manner what the force of this 
upheaval must have been, for the mountains have been 
thrown up in parallel ranges across the State, all the way 
to the Great Lakes on the north. 

Character of the limestone rocks. 

Let us now consider a little more in detail the character 
of the limestone rocks in the district included in the map. 

The limestone is exposed at intervals along the Lehigh 
Valley railroad track between Allentown and South Beth- 
lehem, its character whenever seen being a blue, semi-crys- 
talline rock, in places much, dissolved and containing veins 
and bands of calcite in the cracks. The same may be said 
of the limestone exposed in that portion of the Saucon 
valley shown on the map. 

Along the Lehigh Valley railroad between Freemansburg 
and Easton, the limestone sometimes retains the characters 
described ; at others it is more of a light dove color and 
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earth}' or compact. Rarely there are thin beds of hydro- 
mica slate intercalated in the limestone. 

About half a mile west of Mine No. 50, damourite contain- 
ing a great deal of carbonate of lime alternates with a rotten 
earthy limestone. 

On the Delaware at tne extreme eastern edge of Morgan's 
Hill there is a coarse sandstone which gradually turns into 
a semi-crystalline limestone containing quartz grains ; and 
above this at an interval of 15 feet ordinary semi-crystalline 
limestone. This is probably the Calciferous sand rock of 
the New York geologists. A few hundred feet to the north 
of the last locality occurs limestone overlying the Potsdam 
sandstone, which is the ordinary blue semi-crystalline lime- 
stone. On the road which leads from the school-house on 
the Delaware to the mines along the base of Morgan' s Hill, 
limestone occurs at the first turn in the road ; . which con- 
tains hydromica. Following up the river road the first 
quarries met with contain oblitic beds, while others are hrec- 
eias. At the second quarry there are layers of brown hema- 
titCy about the thickness of a knife-blade interstratified with 
the limestone. Four hundred feet further north the lime- 
stone is compact and solid to shaly and decomposed. 

In the nearest quarry but one to the brewery there occurs. 
a bed of sandstone 5 inches thick, inter-bedded in the lime- 
stone. The strata have a south-east dip at this point which 
is probably but a local crimple and which may be in part 
due to the action of Mount Ida in Phillipsburg. 

In the quarry nearest the brewery there again occurs a 
bed of sandstone 5 to 8 inches thick, and there are also thin 
beds of damourite-^l^te and an oolitic bed all interstratified 
with the ordinary limestone. The south-east cleavage form- 
ing an angle with the bedding was very prominent at the 
time the quarry was visited. One of the limestone beds one- 
and a half feet thick is compact, shaly and black, the latter 
due to the presence of carbonaceous matter. Comparing^ 
the sandstone bed with that in the previous quarry just 
mentioned from their thickness it was at first thought they 
might be identical ; but if this is the case there has been 
either a fault or a sharp fold between the two exposures. 
12— D\ 
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As there is no evidence of either of these having occurred, 
it seems more probable that there are two thin beds of sand- 
stone interstratified with the limestone. It may possibly be 
the case that one of them is the same as that observed near 
the round-house of the Lehigh and Susquehanna railroad 
at Bethlehem, but it is more probable that they are local 
deposits. * 

The limestone in Mount Parnassus, through a cut in 
which the railroads pass to cross the Delaware, is the ordi- 
nary kind varying from semi-crystalline to compact and in 
some cases earthy varieties. 

At the west end of Morgan's Hill limestone crops out 
very near to the gneiss, so close indeed that there is appa- 
rently no space between for the Potsdam sandstone, and it 
is very likely the latter rock was not deposited at this 
point. 

In the two limestone valleys on the Delaware which are 
inclosed in the Laurentian rocks, the character of the lime- 
stone is blue to dove-colored, and varies from semi-crystal- 
line to compact in texture. 

The limestone knob at the High School in the town of 
Easton is of the semi-crystalline, blue variety. 

On the road leading up College Hill the limestone is of 
the blue, semi-crystalline sort, containing thin partings of 
damourile slate, and the character of the limestone along 
the road on Bushkill creek, south of Chestnut Hill, is the 
same. 

On A. Herster's farm, in Palmer township, the limestone 
is a dark-blue semi-crystalline variety. 

Due sonth of this a more compact sort crops out near the 
school-house. 

South-west of the school-house there is a dark blue sub- 
crystalline limestone outcrop, dipping north-west, a little 
north of the lower Bethlehem road ; while south-east of and 
very near to this there is obUtic limestone. 

Close to the lower Bethlehem road and between it and 



[♦ In the interior valleys of Pennsylvania, thick massive and persisi^nt 
sandstone strata lie at various horizons in the great mass of the Siluro-Cambrian 
magnesian limestones. In Missouri they form members of the system of 
equal value with the limestone members.— J. P. L.] 
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Mine No. 26, there is a limestone outcrop, having a south- 
west dip, which is compact, of a dove-color, and weathers 
sandy. On the same road, about two miles east of Wagner- 
town, a siliceous, dove-colored limestone occurs, having a 
south-east dip. 

On the road which leads to Hope's Station there is a light- 
blue sub-crystalline limestone. 

Just west of Wagnertown is an oblitic variety of the same 
rock, containing forms which ve^^mblQ fucoidal stems filled 
with sand. Just north of the same road and close to Nancy' s 
Run, are two south-east outcrops of blue, massive limestone, 
the upper beds being shaly and fawn-colored. 

Passing up Nancy's Run in a quarry near Butztown there 
occurs a shaly limestone in the top, which contains a great 
deal of damourite^ about five feet thick. 

Returning to Easton by the upper Bethlehem road an 
oblitic hed can be observed in the top of each of the three 
quarries south-west of Farmersville, which have a south 
and south-west dip, while the outcrop having a south-east 
dip is composed of shaly limestone. North of this last the 
rock is thinly bedded and a blue, sub-crystalline variety 
close to the road. The same can be said of the outcrop in 
the village itself. 

The two outcrops to the west of the road which leads 
from Farmersville to Mine No. 19, consist of a variety 
which apparently weathers readily and crumbles to pieces 
in the fingers ; while that east of the road is a massive, 
dark blue, semi-crystalline rock, the upper beds of which 
are more thickly bedded than the lower ones. 

Returning to the upper Bethlehem road, there is a blue, 
semi-crystaline limestone, having a south-west dip, wiiich 
contains qimrtz veins and bands through it. While the 
outcrop, just to the east, while having the same appearance, 
weathers readily to a sandy rock. 

A little to the west of mine No. 26 occur loose blocks 
and fragments of the black Jlint^ so common in the lime- 
stone. 

On P. Hays' farm, in Palmer township, near Seips', there 
occurs a compact light colored limestone, full of cracks, 
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filled with indurated clay. In the limestone outcrops just 
west of Seips' there occurs a great deal of damourite slate 
interstratified with it, while the limestone is of a shaly more 
or less thinly bedded variety. 

On the hiU just north of Seips' there occurs on the Naza- 
reth road a blue limestone containing crystalized quartz, 
and thin sheets of damourite slate. West of this outcrop 
limestone bowlders occur in the field, containing encrinital 
stems and casts of hrachyopods. 

Branching off on the road from Seip's to Stockertown 
the limestone outcrops met with are of a slaty variety. Still 
further north on A. Transue's land the outcrops are dark 
blue and semi-crystalline, while the rock is crimpled so as 
to be almost horizontal in places. 

Following the road south of Churchville the limestone is 
seen to be horizontal at the cross-roads ; while to the west 
there is an anticlinal structure. The limestone, at these 
latter points, is bluish-grey and full of small spots of white 
calcite, once probably /b^^/Z^. 

Following the road to the west crystalline black calcite 
is seen in the quarry close to the Bushkill. 

Following the Bushkill towards its mouth, the limestone 
observed is of the ordinary bluish-grey semi-crystalline va- 
riety, and there is nothing to claim ones particular notice 
until reaching a point where the rock has a south-west dip 
of 24°. Here the limestone is thickly bedded ; while just 
north of it and close to the road the limestone is seen to be 
thinly bedded and to stand vertically, probably due to an 
overthrow or eroded anticlinal. 

A little further south there is an anticlinal ahd the lime- 
stone is a blue variety ; in part massive and sub-crystalline 
in character, and contains thin slaty layers between mas- 
sive plates ; the slaty portion seems to contain a great deal 
of hydro mica. 

Following the road, after it leaves the Bushkill, in its 
western branch, close to Seips', a dove-colored, very siliceous 
limestone is met with ; which may possibly be a part of the 
Calciferous sand-rock, but does not look like it. Return- 
ing to the eastern branch of the road over Chestnut Hill 
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a dark blue, semi-crystalline variety is met with near the 
top of the hill, having a north-west dip. 

From the point where the Bushkill turns eastward, de- 
flected by the Laurentian rocks of Chestnut hill, to its 
mouth, the limestone is everywhere blue to dove-colored, 
semi-cry talline to compact and occasionally containing thin 
layers of damoxtrite. 

Following the road from Chestnut hill to Churchville, a 
north-west dip is seen on a line with mine No. 20, and sev- 
eral thousand feet west of the road. The limestone at this 
point is bluish-gray, saccharroidal and somewhat oolitic. 
Continuing northward to where there are three south-east 
dips, east of the road, the limestone is found to be dark 
blackish blue, semi-crystalline and full of spots of white 
calcite, once probably/b^^/Z^ and now obliterated. Taking 
the north south road east of the one just followed, there is 
a limestone full oi pyrites^ having a south-east dip, just op- 
posite C. Sandt's house. The same is true of the outcrop 
opposite A. Price's house, the rock being light grey and 
partly semi-crystalline. 

Near J. Miller's the magnesian limestone has a sacchar- 
roidal character ; and just below William Schug' s it is oolitic. 
Everywhere else between Martin's creek and Chestnut hill 
the magnesian limestone presents its normal appearance. 

Along the Bath railroad the limestone presents a tolera- 
bly uniform character. It is usually blue to grey to dove- 
colored, while the rock varies from compact to semi-crys- 
talline, occasionally a somewhat hrtcciated or an oolitic bed 
is met with. An instance of the brecciated structure is met 
with at P. Lerch's quarry, close to the railroad on the Beth- 
lehem-Nazareth road. 

At the quarry having a south-east dip, about half a mile 
east of mine No. 16, the lower beds are thickly bedded, 
while the upper ones are in thinner plates, probably owing 
to weathering. 

At the outcrops between mines Nos. 15 and 16, the lime- 
stone is blue and shaly, being somewhat curved and twisted 
at one point. It is well to note the change in the direction 
of dip at this point compared to the quarries on the same 
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road nearer Newbnrg, where the dip is south-west. There 
is no change in the surface topography to account for this 
change of direction, the cause of which is unknown. 

At the quarries last mentioned, the limestone is very 
shaly and of an earthy character, being of a greyish-blue 
color. 

The limestone at the dips just east of Hecktown is brec- 
dated and there is an anticlinal roll in the quarry. 

On the road between Newburg and Nazareth, at the arrow 
dipping south-west 14° on W. Hellick's farm, there is an 
anticlinal which is seen to continue to the north. 

To the north on the road leading from Nazareth to the 
poor-house slaty limestone crops out, having a south-east 
dip, and the same limestone appears with a reversed dip on 
a short oblique road. 

Wherever rock crops out on the road between Christian 
spring and Bath, it is seen to be a shaly limestone, until 
just before entering Bath, where it is slate. 

Passing from Cliristian spring to Georgetown there are 
some quarries to the west of the road in which the limestone 
is dark blue, semi- crystalline and unevenly striated. 

On the road from Georgetown to New Centreville the 
limestone is full of thin layers of damourite, about the 
thickness of a sheet of paper. 

Between New Centreville and Smoketown the limestone 
is saccharroidal and somewhat hrecciated. There are cavities 
full of calcite, which once contained/b5»9/Z5, now obliterated. 

About half a mile east of mine No. 6, and south of the 
Bath railroad, there is a limestone quarry on D. Gradwohl's 
farm, dipping south-west 48°. It is grey, massive and con- 
tains small crystals of black calcite ; also, rounded masses 
of white calcite, which were evidently once/ossils, but are 
now obliterated. 

A little north of Hanover there is a monoclinal of lime 
stone, in which the rock is in rather thin sheets, while a 
short distance to the west it is massive. 

West of New Centreville the limestone is massive and in 
places contains a good deal of chert. 

Returning to the Hanover Bath road, this crosses a short 
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steep limestone hill, having a northern dip, which is ex- 
tensively quarried. The rock is dark blue, semi-crystal- 
line and in thick beds ; it was apparently once fossiliferous^ 
but the cavities have been filled with white calcite and 
quartz. 

In the borough of Bath the limestone near the railroad is 
very shaly, and in places resembles slate. It is of an earthy 
and compact nature. 

A little south of the town and west of the railroad, hy- 
draulic limestone appears. 

Near the short south-west road leading from Bath to 
the Siegfried's Bridge — Nazareth road, there are three 
north-west dips of 18°, 10°, and 20°. The limestone at this 
point is grey to blue, massive to shaly and semi-crystalline; 
in the quarry at this point specimens of Maclurea or Euom- 
pTialus have been found. A little further south at the 
quarry dipping 17° north-west, specimens of gasteropods 
and helicse occur rather abundantly. These tend to show 
that the limestone at these localities is of Oalciferous age. 

Still further south there are a large number of dips hav- 
ing a general north and west direction ; the rock is semi 
crystalline, and there are cavities through it evidently once 
containing organic remains, but now partially filled with 
calcite. 

From this point west to the Lehigh river all the limestone 
outcrops along the main east- west road show that the rock 
is of the hydraulic variety. 

In East Allen township at H. Banner's, north of this 
road, the limestone is dark blue, and in places almost black ; 
it is semi-crystalline and possibly extends to the top of the 
hill. As the surface of the grouni is covered to the depth 
of a foot with small pieces of slate, which may or may not 
be in place ; it is impossible to fix accurately the boundary 
between the two formations. 

A short distance north of the last locality limestone again 
crops out at S. Jacoby's, being dark blue and crystalline, 
and overlaid by Hudson River slates, (No. Ill), much 
broken up. 

About half a mile east of the locality just mentioned, the 
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presence of limestone is indicated by bowls or depressions, 
so characteristic of this rock, but there is no outcrop. 

A third of a mile north of this limestone is quarried by 
John Laubach ; it is dark blue and semi- crystalline. The 
limestone forms a small synclinal, and there are obscure 
traces of bivalve shells and small fragments of graphite. 
Overlying the limestone and filling the synclinal to the sur- 
face, a distance of about fifteen feet, are the Hudson River 
slates (No. III). 

Limestone again' shows itself about a quarter of a mile 
west of Seemsville, near the road to Kreidersville ; it is dark 
blue and semi-crystalline. Over this are the Hudson River 
slates in place, but much broken up and conformable with 
the former rock ; they have a thickness of four to eight 
feet and reach to within two feet of the surface, being then 
replaced by clay. 

A short distance to the west there is another outcrop of 
limestone, which is dark blue, and some of the beds are 
brecciated, while others are oolitic. 

East and west of Weaversville the limestone seems for a 
considerable distance to be shaly. About one and a quar- 
ter miles east of the village there is a small hill, where the 
limestone has been much folded ; the rock itself is colored 
blue and white in stripes. 

About a mile north of Catasauqua, where the limestone 
dips south-east 36°, it is dark blue, massive, thickly bedded 
and much contorted. 

Along Catasauqua creek, north-east of the town, the lime- 
stone at times contains thin beds of damov rite slates ; again 
it is brecciated or oolitic, while in places it is massive and 
compact. • 

In the eastern part of the town are the two quarries be- 
longing to Ran and Jesse W. Weaver, figured in Report 
DD, which so clearly proves the correctness of Henry J). 
Rogers' theory as to the prevalent south-east dip of the 
limestones already mentioned. 

Between Weaversville and Shoenersville is a limestone 
hill in which this rock occurs in thick beds of a compact 
variety, alternating with thin shaly ones ; there are also 
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thin sheets of damourite slate running through the rock. 
In a quarry east of the road there is a l^eaudful roll in the ' 
limestone, 

About one and a half miles south-east of Catasauqua 
there are three south-west dips on the road leading to Beth- 
lehem ; the limestone is pale blue to white, thinly bedded 
and of a saccharoidal nature. 

A quarter of a mile east of these, on the road leading 
north to Shoenersville there is a bed of limestone between 
solid strata of the same rock, which is decomposing to a clay. 

Returning to the Catasauqua- Bethlehem road, limestone 
is seen dipping 42° to the north-west, a little north of the 
road ; being hrecciated in character. 

A little further south-east on the same road the limestone 
outcrops are of the normal kind ; and the same is true of 
all the other outcrops between this point and Bethlehem. 

Just north of East Allentown a portion of the limestone 
is hrecciated in some places, and in others of a sandy nature. 

On the north-south road west of Rittersville all the out- 
crops are those of the normal limestone. 

The limestone outcrops between the Lehigh river and the 
Laurentian hill, north of this stream, are of the normal 
variety. 

^. Analyses of the Magnesian limestones. 

The probable origin of the dolomites and dolomitic lime- 
stones has been a favorite theme with many geologists and 
chemists ; and as a natural result many theories have been 
offered as to their probable mode of origin. 

In many cases however wide generalizations have been 
attempted from very limited occurrences of such rocks or 
from mere laboratory experiments, which were based either 
on insufficient evidence or else on a forgetf ulness of the fact 
that nature often operates in a manner far different from 
the chemical laboratory since she has one important element, 
viz : time, to aid her in her operations, which the chemist 
lacks. • 

The magnesian limestones of the Great Valley vary from 
compact to semi-crystalline ; are of various colors ; contain 



186 J)\ 



REPORT OF PROGRESS. F. PRIME, JR. 



very few fossils and these concentrated in a very few locali- 
ties. The beds nearest the surface are those which have 
been the most honey-combed by the dissolving action of 
water ; when deeper beds are exposed in quarries they give 
little evidence of such action. 

Analyses of these rocks show that they all contain slight 
traces of carbonate of magnesia, which some of the beds 
contain a quantity almost sufficient to constitute them true 
dolomites. 

The percentage of magnesia varies however inside of each 
bed, and this suggests that the sediment was not a chemical 
double carbonate of lime and magnesia, with excess of car- 
bonate of lime, but that it was a mechanical mixture of a 
carbonate of lime with a carbonate of magnesia. 

Analyses of specimens from 115 conformable beds exposed 
opposite Harrisburg, made by Messrs Hartshome and Har- 
tranflt in the labonitory of the survey, * show : 1. the al- 
ternation of magnesian and non-magnesian beds ; and 2. the 
variable percentage of magnesia in e^ch bed. 

A specimen group will suffice to exhibit this. The fol- 
lowing are analyses of the first ten beds at one end of the 
exposure : 





1 Til MB Cabb. 


Magnesia Cabb. 


Insol. 


Matteb. 


D. 


Grade. 


Top. 


Grade. 


Top. 


Grade. 


Top. 


] 


68.35 


67.10 


36.80 


38.25 


4.60 


4.00 


2 


55.60 


66 20 


38.50 


39.75 


6.30 


3.80 


3 


89.90 


92.00 


3.60 


4.00 


5.70 


4.10 


4 


93.90 


97.05 


1.80 


1.K5 


3.80 


1.40 


5 


96.40 


97.20 


1.40 


0.70 


1.90 


2.10 


6 


95.50 


97.60 


1.40 


1.30 


1.50 


1.10 


7 


87.10 


87.40 


3.60 


3.70 


9.70 


9.10 


8 


82.30 


87 46 


14.50 


7.50 


3.10 


3.90 


9 


68.30 


67.60 


24.80 


27.00 


5.50 


5.40 


10 


90 70 


90.40 


8.05 


8.15 


1.90 


1.70 



A series of analyses by J. B. Britton of nine beds at Trox- 
all's quarry, Lehigh county, published in Report D', 1878, 
page 16, show the same variability and disposition to alter- 
nation is groups thus : 

Lime Garb. Mag. Garb. 

Bed A, 85.20 5.89 

B, 76.79 17.08 

G, 78.23 14.64 



* Published in Report MM. 1879, page 312. 
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D, 61.68 

E, 70.10 

F, 65.91 

G, 71.88 

H, 58.30 

I, 89.46 



26.84 
20.08 
3.14 
8.34 
2.29 
0.63 



When beds A, B, C, D and E, were sub-divided into 13 
and analyzed by W. Jas. Gayley, the following was the re- 
sult : 

Lime Ckrb. 
( Layer 1. 77.12 



Bed A, < 



Bed B, < 



2, 
3, 
4, 
5. 

1, 
2, 
8, 



80.85 
81.92 
81.59 
79.45 
76.02 
86.26 
83.87 



BedO, \ 



BedD, 



4, 72.07 

5, 76.92 

6, 73.95 

1, 66.45 

2, 54.11 

1, 75.76 

2, 60.87 

3, 8425 

4, . . . 50.07 

Bed E, 87.43 

Analyses of specimens from a series of beds in F. Eber- 
hard's quarry, in Lehigh county, —beds geologically lower 
in the formation than those at Troxall's quarry — were made 
by Mr. Jas. Gayley, with the following result, A being the 
top and N the bottom bed of the exposure : — 

Lime Carb. • Mag. Carb. 



Mag. Garb. 
0.89 
1.06 
1.64 
7.32 
3.84 
1.81 
a40 
4.03 
3.28 
2.43 
3.00 
15.26 
14 11 
4.26 
1.76 
2.34 
1.28 
0.46 



Bed A, 65.39 

B, 54.39 

C, 68.10 

D, 60.86 



E, 
F, 

G, 
H, 

I. 

J, 
K. 

L, 



63.77 
59.72 
54.67 
64.15 
59.69 
57.16 
59.59 
58.87 



M, 50.25 

N, 67.41 



35 05 
86.26 
21.07 
26.54 
23.43 
21.00 
27.10 
23.17 
82.69 
25.99 
31.03 
25.49 
21.64 
9.38 
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The silica varies thus :— 2.20, 3.06, 2.99, 3.76, 3.54, 4.36, 
11.58, 5.78, 5.59, 7.34, 2.86, 6.96, 4.21, 15.86. 

The ferric oxide and alumina (together) vary thus : — 
6.68, .6.57, 7.45, 8.22, 8.53, 14.42, 6.41, 6.53, 1.66, 9.04, 5.91, 
9.16, 14.31, 16.85.* 

T!he p7tosphorus varies thus: — .007, .019, .026, .017, .015, 
.007, .013, .005, .011, .003, .002, .012, a trace, .017. 

A residue of carbonaceous matter, varying from 0.12 to 
0.84, was left when any of the limestones .were dissolved in 
acids. This represents the organic life of the waters. 

All analyses of Siluro-cambrian limestones show the pres- 
ence of this carbonaceous element in the rock. Those made 
at Harrisburg give .166, .178, .200, .220, .250, .266, .288, .300, 
.450 (in bed 29,) .540 (bed 25,) up to .560 (bed 53.) Life 
must have been very abundant in the water, when its remains 
could make up more than half of one per cent, of a layer 
of mud at the bottom. 

Bischoflf was unable to decompose carbonate of lime by 
carbonate of magnesia, and, therefore, opposed the theory 
of the chemical precipitation of the latter in the form of 
magnesian limestone. f 

Sheerer professes to have accomplished the reaction, but 
does not give his process. His artificial dolomite may have 
been a mechanical mixture.:]: 

The chemical theory, however, is sustained in some meas- 
ure by natural pseudomorphs of dolomite after calcite, 
often with a nucleus of unchanged calcite, or with a vacancy 
left by the total solution of the calcite. § As most of these 
pseudomorphs occur in mineral veins, the agent must have 
been (probably hot) magnesian waters ; and the carb. mag. 
must have decomposed the carb. lime. Heat and time are 
factors in such a process. 

But the chemical infiltration theory of the formation of 

[♦Adding 15.86 to 16.85 we get 32.71, or one third of the bed in the condi- 
tion of sand and mud. It is no wonder then that oooasional beds and groups 
of beds of calcareous sandstone, or even of nearly normal sandstone, were de- 
posited widely 'in the waters of the Siluro-Cambrian sea. — J. P. L.] 

t Lehrbuch, 2rt edition, III, p. 89. 

X Beitrage znr Erklarung der Dolomitbildung, p. 13. 

§ Blum. Die pseudomorphosen der Mineralroichs, p. 52 ; and 1st supple- 
ment, page 22. 
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our magnesian limestones must encounter a great objection 
in the unequal distribution of the magnesian carbonate 
through the mass. It should be either equally or progres- 
sively distributed. On the contrary, specimens from the 
same bed vary greatly, and beds in actual juxtaposition 
still more. For instance, bed 19 has 30.8 p. c. C. M., and 
bed 20 has only 2.9 p. c. Thin beds of dolomite lie between 
thick beds of limestone, and thin beds of limestone between 
thick beds of dolomite. The analogy between this and 
shale bands in masses of sandstone, or sand partings in shale, 
makes it hard to believe that the limestone and dolomite 
beds are not mechanical or mud deposits of mixed mate- 
rials, floated from a distance by currents from different 
sources, and prevailing over each other alternately. 

Forchhammer imagined that the limestone water of rivers 
flowing into a sea holding magnesian salts would produce 
dolomite beds, but when he tried the process with boiling 
water he could only get 12.5 per cent, of magnesian carbon- 
ate in the precipitate. 

Sterry Hunt modified the theory by supposing the river 
water charged with carbonate of soda, but tlie fact of alter- 
nate magnesian and non-magnesian beds is still in the ^ay. 

Dr. Hunt imagined solutions of sodium carbonate, poured 
by rivers into a shallow closed sea^ holding in solution sul- 
phate or chloride of magnesium, and then, by the action of 
heat, in the presence of carbonate of lime, the deposits 
changed into dolomites ; but the whole mass would neces- 
sarily be homogeneous ; alternate beds would not be possi- 
ble, without a corresponding number of entrances of the 
waters of an outside ocean. 

Hardman makes this very objection to Hunt's theory that 
nearly pure limestone beds lie between highly magnesian 
beds, and shows that a separate precipitation of carbonate 
of lime would not begin until at least three fourths of the 
sea water had been evaporated, the carb. mag. still remain- 
ing in solution, and for a considerable time longer ; in fact, 
not until concentration had proceeded so far as to make an- 
imal life impossible.* 

*0n the carboniferous dolomites of Iceland, Proo. R. I. A., (second section,) 
Vol. I, No. 7. 
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[The main force of these objections, however, is derived 
from the vast extent of the deposits, for they spread, con- 
tinuous at the surface or underground, from Canada to the 
Gulf of Mexico, and from the Blue Ridge to beyond the 
Mississippi river. A sea of such extent CQuld hardly have been 
closed, and must have received great rivers. But during 
the long Siluro-Cambrian age great erosion of land surfaces 
must have taken place, furnishing mechanical sediments ; 
or if the ocean were merely studded with islands, coral reefs 
would furnish such sediments. — J. P. L.] 

5. The Iron ore mines in the limestone. 

The great majority of the ores which occur in the lime- 
stones of the Great Valley are limonite^ more commonly 
known under the name of brown hematite. It is the hy- 
drated ferric oxide, having the formula 2 Fe, O3, 3 Hg O, 
and containing when pure 59.89 p. c. of iron. In practice, 
however, the greater portion of this ore when hauled to the 
furnace will not hold more than 35 to 40 p. c. of iron, due 
in part to the impurities (chiefly silica) intimately combined 
with the ore and which cannot be removed by any process 
of washing ; in part, however, to the imperfect washing, 
which leaves flint and damourite slate intermingled witkit. 
In Williams township, the variety of iron ore known as 
lepidocrocite is found associated with the brown hematite, 
which when pure has the formula Fe, Og, H, O, and con- 
tains 89.9 p*. c. of the peroxide. This latter is only a miner- 
alogical curiosity, as it does not occur in any quantity. 

As stated in a previous report, the brown hematite occurs 
massive, earthy, botryoidal, mammillary, concretionary and 
sometimes stalactitic. Its luster is generally dull and 
earthy, sometimes silky to sub-metallic. The color of the 
surface of fracture is various shades of brown, commonly 
dark ; when earthy, brownish-yellow to ochre-yellow. The 
streak is yellowish brown. When stalactitic it forms the 
pipe-ore which is rather scarce. When concretionary it forms 
hollow spherical masses, commonly known as pot or &07»J- 
shell ore. These hollow masses commonly contain water or 
masses of unctions damourite clay ; their interior surface 
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often presents a glazed appearance, due to a very thin coat- 
ing or incrustation of oxide of manganese, which imparts 
a nearly black varnish- like surface. Sometimes the bomb- 
shell ore is solid ; its interior then presents a honey-combed 
appearance, as if from the percolation of chalybeate waters 
into the mass after the exterior shell has been formed ; al- 
though this is probably not the case. The great . mass of 
the brown hematite iron ore occurs in small pieces which 
have to be separated from the enclosing gauge by washing. 
When the brown hematite is in place it almost invariably 
occurs in damourite slates or in the clays resulting from the 
decomposition of these last. 

Mines along tlie Foot of the South Mountain. 

All the mines along the base of the South Mountain from 
the Delaware river to Mary Brotzman's mine. No. 47, are 
underground workings, the stripping necessary to open 
workings being in most cases so very heavy as to preclude 
the ore being extracted to profit in that manner. 

Owing to the plastic and yielding nature of the clay in 
which the ore occurs, the gangways driven in search of ore 
through the clay or on the ore itself have to be most care- 
fully timbered at a considerable expense, which is greatly 
increased by the fact that if the gangway is abandoned the 
timber is left behind. The method of mining does not seem 
to be based on any scientific or regular method, but as a 
rule the gangways are driven wherever the ore is supposed 
to exist. Owing to this irregular and in fact deplorable 
method of mining, as new ore is found from time to time, 
it often happens that old workings are re-worked at an ex- 
pense much greater than that at which the ore could have 
been originally, extracted. For the slipping of the clay, as 
the timber rots and is crushed by the superincumbent 
weight of materials, renders it necessary to drive new head- 
ings through a mass of — so to speak — moving clay, thus oc- 
casioning a greatly increased amount of dead- work, besides 
which heavier timber has to be used. It sometimes hap- 
pens that in this way old workings are gone over two or 
three times at an interval of several years. Until the past 
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year not a single mine was ever surveyed under ground, the 
first work of the kind having been done by the Glendon 
Iron Company during 1878, consequently the mining has 
been for the most part of a happy-go-lucky sort, by which 
the ore was met or missed as the mine-boss was more or less 
acquainted with the character of the ore deposit. It is 
greatly to be desired that the Legislature should pass a 
law, as in the case of the coal mines, compelling the owners 
of all underground workings to Have a map of the exca- 
vated ground ; a measure which is the more necessary as in 
case of abandonment and subsequent renewal of the work, 
inundations and possible loss of life would be averted. 
Such maps would cost the owners but little and would be 
of incalculable benefit in saving much money in searches 
for ore which had long since been removed and the fact for- 
gotten. 

By the method of timbering adopted, and which is ren- 
dered absolutely necessary by the nature of the country, 
the top and sides of the gangways are completely incased, 
so that nothing of the nature of the ore- deposits can be seen 
except at the headings. Most of the mines were visited, 
several of them more than once, in hopes that it would be 
possible to ascertain the nature and approxima;te size of the 
beds of ore. This was found to be impossible, and hence no 
data of any value can be given as to the appearance or char- 
acter of the ore-deposits. The mines have been worked in 
some cases for 35 years, and some of them are very deep, 
as in the case of a mine belonging to the Glendon Iron Co., 
which is — feet below the Lehigh river. 

The following is the list of mines thus worked under- 
ground : 

George Seiberfs mine, iVb. ^8. 

James Hess* mine, No. 89, 

Mrs. Lewer^s mi7ie, JVo, 30, 

Oeorge SeiberCs mine^ iVb. 31, 

Olendon Iron Co,'*s mine^ No, 3S. \ 

John Woodring^s mine, No. 33. ^ 

Miss Milled s mine., No. 3^. ^ 

Joseph Sampson^ s mine^ No, 35. 
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. Sampson & Sitgreaxes^ mine^ No, 36, — Kenneth Robert- 
son, Esq., Assistant Sup't of the Bethlehem Iron Co., an- 
alysed the ore from this mine in 1874 and found : 

I. II. 

Ferric oxide, . . . 73.14=51.2 p. o. iron, 71.47=50.03 p. o. iron. 

Oxide of manganese, 0.44 6.41 

Piiospiiorio acid, . 0.58=0.25 p. o. phosphorus. 0.56=0.24 p. o. phosphorus. 

Silica, 7.68 3 57 

Alumina, 5.82 • 4.50 

Lime, 0.21 0.00 

Magnesia, 0.14 0.00 

Water, 12.37 13.71 

100.28 100.22 



I. is from the upper shaft. II. is bomb-shell ore. These 
analyses are so rich in iron that it is probable the material 
analyzed was from picked samples. 

HecJcman Estate's mine^ No, 37. 

Adam Hahn^s mine,, Nd s, 38 and 39. 

Glendon Iron Cd*s. Mlne^ No. Ifi, 

Enoch Woodring^s mine^ No, il. — This is leased by the 
Glendon Iron Co., who are reopening it. When visited it 
had been temporarily abandoned. 

, WilUain Hahn^s mine, No, 1^2, — This mine is situated in 
an arm of limestone, which extends up a trough of Lauren- 
tian rocks south of Glendon. The mine is not worked, the 
owners say on account of the large quantity of water ; but 
the general structure of the rocks and soil lead to the opin- 
ion that the ore at this point is not present in any large 
quantity and the beds that are present must be thin. 

Daniel Boyefs mine, No. 57, — Leased by Reuben Nolf. 
This mine had not been worked for some time prior to the 
fall of 1877, when visited. A few days before work had 
been recommenced and a shaft sunk to the depth of 45 feet. 
Thus far but little ore has been found, and it was proposed 
to sink the shaft still deeper. The ore occurs in an abun- 
dance of white clay resulting from the decomposition of 
damourite slate. Still further to the west were abandoned 
ore diggings ; so far as could be learnt but little ore having 
been found in the shafts sunk. Close by, Daniel Boyer has 
13— D'. 
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a clay pit which from its brownish color is at times used in 
the manufacture of paint. 

Jacob Crawford'' s mine^ No. 1^3 — is worked by Charles 
Kichline & Co. In past times ore has been sent from here 
to the Glendon Iron Co., and the Keystone Furnace. It is 
said that there are two beds of ore here. A shaft has been 
sunk 18 feet into the top bed and it was thought the owners 
would have to go down about 60 feet to strike the main bed 
below. The top bed is about 6 feet thick and contains plenty 
of lump ore. There was but little white clay in the shaft 
with the ore. A little lower down the field, they struck the 
ore in an abundance of white clay. There was no water in 
the shaft, nor had any been struck. In a now abandoned 
shaft 100 feet west of the present one the miners said that 
limestone had been struck at a depth of 70 feet, but that it 
was not solid and there was ore underneath it. As this was 
done several years ago, there may be some error about this 
on the part of the workmen. 

Reuben Nolf s mine^ No. — . When visited, a shaft was 
being sunk and was down 45 feet. So far only a little ore 
had been struck, which was found in a yellow plastic clay, 
containing streaks of white. 

Thomas Nolfs mine^ No. — . A shaft had struck ore at 
a depth of 37 feet. The ore occurs in a light yellow plastic 
clay, with streaks of white running through it. This mine 
was opened in the spring of 1877, after having been aban- 
doned 30 years ago by the Glendon Iron Company. 

Mary BrotzraarC s mine, No. jU^ is worked by Kichline. 
A shaft has been sunk 64 feet to the upper bed, which is 
said to be 3 to 4 feet thick. 

Joseph L. Brotzman! s heirs' mine^ No. JfS^ leased by 
George Unangst, was just being opened when visited. Noth- 
ing could be seen except stripping, which was being washed. 
On the surface at the north side only clay could be seen ; 
in the south end of the opening there was a foot and a half 
of white clay, containing fragments of ore, but no regular 
bed. 

Mary BrotzmarC s mine., No. ^6. — Leased by Pfeifer & Co. 
This is an open cut containing alternate beds of dark brown 
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and light yellow clay, somewhat plastic in character — ^prob- 
ably decomposed damourite slate — and containing pieces of 
ore. There is no regular bed, the material mined being only 
surface soil and sub- soils. It is very probable that the clay 
and ore have been washed down from the beds higher up 
the hill side to their present position. Flint occurs in the 
clay with the ore. The darker colored clay owes its color 
to the presence of a little oxide of manganese. The beds 
have a dip of N. 72° E., 17°, conforming to the slope of the 
hillside. 

Mary BrotzmarC s mine^ No. ^7. — Leased by the Glendon 
Iron Company. At one point of this working there are 
old drifts which are now being worked by an open cut. In 
this, flint, ore and clay are all mixed up together, owing to 
the old underground workings, which having crushed to- 
gether, caused the entire material to roll together, and thus 
made it impossible to see anything of the original nature of 
the deposit. Nearer to the road there are two shafts from 
which ore is being taken. The ore from this mine was ana- 
lyzed by 

JacoVs mine^ No. — . Worked by the Coleraine Iron 
Company. Here only the surface ore is being taken out, it 
occurring, associated with flint, in clay. No regular bed 
could be seen, although one is said to exist beneath the sur- 
face of the water. 

RicliarW s mine., No. 1^9. — Leased by the Glendon Iron 
Company. This is worked by open cuts 6 to 8 feet deep. 
But little is being done here, and the sides are so washed 
as to show nothing of the nature of the ore-deposit. It 
seems, however, to be stripping and not a true bed. 

Mary BrotzmarVs mine. No. 1^8. — Leased by Kichline. 
The ore occurs in damourite slate, somewhat decomposed, 
but scarcely pays for washing, as there is so little of it. 
The cut is an open one, only 8 feet deep, 2 feet of which are 
stripping. At the west end there is ore in the bottom of the 
cut. Thin streaks of black oxide of manganese occur in the 
face of the working, prettily crystallized. When the mine 
was visited, the workmen were carefully washing and pick- 
ing this out as being injurious to the ore, and ere much 
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surprised at being told that by leaving it in they improved 
the character of the ore. 

Thomas Richard^ s mine^ No, 50. — In the open cut this 
is only worked in the east end, where there is a good body 
of ore, which seems to be cut oflf further east by white clay. 
The ore occurs apparently instratified in the white clay. To 
the west a shaft has been sunk down 107 feet to the ore. 
In going down a body of damourite slate and clay was 
struck, which at a greater depth turns into a blue clay. 
Underneath the ore there is said to be black dirt, but none 
could be seen. The bed is said to be 27 to 40 feet thick, but 
this had to be taken on hearsay evidence, as the mine was 
so closely timbered that it could not be measured. East of 
this another opening has been made in the roadside, but so 
recently that only stripping was being taken out and 
washed. 

Samuel LercKs mine^ JVo 59, — This was formerly leased 
by the Coleraine Iron Co., who took out about 50 tons of 
ore and then abandoned it. The excavation is now almost 
filled up, and is overgrown with underbrush. The ore was 
taken out of drift and surface soil. There seems to be a 
good deal of ore in the surface of the field ; but it is very 
questionable whether it would pay to wash the surface soil 
for it. 

Mines in the South Mountains, 

The brown hematite mines in this list occur in the de- 
tached limestone basins within the area of Laurentian rocks. 

Charles Walters' mine^ No 52, is worked by the Dur- 
ham Iron Co. The ore is extracted by underground work- 
ings, the shaft being 60 feet deep down to the ore. 

Joy's mine^ No- 55.^These are mined by underground 
excavations, and were not being worked when visited. 

Raub & LercK s mine. No, 51^, — But little ore was being 
mined when this pit was visited, owing to a scarcity of 
water. Shafts have been sunk through the overlying soil 
and clay to the ore, which apparently lies irregularly, as in 
some cases it comes within 15 feet of the surface, while in 
others it is only struck at a depth of 100 feet. The miners 
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stated there are three beds, the one worked occurring be- 
tween two lean ones, which it does not pay to extract. The 
ore occurs tn white or grey clay, resulting from the decom- 
position of damourite slate. 

Joy' 8 mine^ No, 55. — Here there are two shafts which 
were not being worked when visited. The bed was said to 
be 60 to 75 feet below the surface. The ore occurs in dam- 
ourite slate and clay, and a number of pieces of the slate 
laid on the dump. 

Stout & RlegeVs mine^ No, 56. — This locality was worked 
for a short time by the Coleraine Iron Co. and then given 
up. Nothing of the nature of the ore-deposit could be 
seen, but the proprietors said there was a great .deal of ore 
present. 

The peculiarity of this locality is that magnetic iron ore 
occurs within a short distance of the brown hematite. 



All the brown hematite mines thus far mentipned occur 
at the base of the Magnesian limestone, (No. II), and close 
to its contact with the underlying Potsdam sandstone or 
Laurentian rocks. 

Those to be hereafter described, lie higher in the lime- 
stone measures, either sporadically and not in place^ or else 
close to the contact of the limestone with the overlying 
Utica or Hudson river slates. 

Mines north of the Lehigh river, 

Jonas^ Biery' s mine. No, 1, — This is an old pit, long since 
abandoned, close to Catasauqua, whose very existence can 
only just be discerned. The quantity of ore is said to have 
been small, and from the depth of the excavation consisted 
apparently only of surface strippings. 

Abraham George's mine^ No, 2, — Leased by the Saucon 
Iron Co. This mine is lying idle and is full of water. The 
sides are too much washed to see anything of the nature of 
the deposit, further than it occurred associated with a black 
damourite slate or shale, which is probably Utica shale^ 
judging lithologically from the character and position of 
identically the same shale in Lehigh county near Breinigs- 
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ville. This shale is full of pyrites, which take fire on ex- 
posure, owing to their oxidation, and set fire to the carbon 
in the slate. 

William CIiapmaTi' s mine, No. 3, — When visited, about 
3 to 10 feet of stripping had been removed and there the 
pit presented a promising appearance. The mine had not 
been developed sufficiently to say whether there was a large 
body of ore or not. A shaft had been sunk to the depth of 
65 feet w^hich was said to be all the way down in solid ore, 
but this statement is probably incorrect. The well for water 
had been sunk down 125 feet. At a depth of 30 feet lime- 
stone was struck and going through this, ore was said to be 
found underneath it(?). The ore is mostly of the bomb- 
shell variety, and inside of the hollow bombs white (da- 
mourite) clay frequently occurs, but at the depth to which 
the mine had been excavated no white clay was to be seen ; 
an exception in this respect to the usual occurrence. 

Aaron LercK s mine. No, ^, is leased by the Crane Iron 
Company. In this mine black clay (decomposed Utica 
shale) is found in which there is a deposit of red ore (so- 
called "red rock ore"); the clay occurs beneath a small 
deposit of white clay, over which lies brown hematite in 
which white and grey clay occur sparingly. The red ore 
also occurs in the bottom of the mine underneath the black 
clay. The sides of the mine were very much washed and 
it was difficult to see much of the nature of the deposit. 
Joseph Hunt, Esq., Ass't Sup't of the Crane Iron Co., fur- 
nished me with the following partial analysis by Mr. James 
Grayly, Chemist of the Co. : 

Silica, 25.62 

Alumina, 2.12 

Lime, 2.08 

Magnesia, 0.96 

Manganous oxide, 1.26 

Metallic iron, 41.48 

Phosphorus, 0.483 

William SJiimefs mine. No, 5, is an old pit long since 
abandoned. 

Simon Rittef s mine, No, 6. — This is not being worked 
at present. On the south side of the mine occurs limestone, 
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much waterworn. Dipping S. 38° E., 34°, this being the only 
certain dip, although there are several points in the bottom 
of the mine where the limestone appears. Close to this dip 
there is a little white clay, but not in any abundance. It 
is possible that the ore has here been washed into a depres- 
sion of the limestone and was not originally deposited there ; 
in which case ore need only be looked for in the sides and 
not at any great depth. One very important fact militates 
against this view, and that is that in an abandoned mine 
on the opposite side of the road, now filled up, there occurs 
black clay ( Utica sTtale) containing great lumps of iron py- 
rites, which turn on exposure to sulphate of iron and ef- 
floresce. This would tend very strongly to prove that the 
ore of both the mines is in place^ and the limestone is the 
underlying Trenton limestone (No. II,) in which no further 
search for ore need be made. There also occur large flints 
associated with the iron ore. 

Henry Goetz^s mine^ No, 7. — Leased by the Coleraine Iron 
Co. This is one of the oldest mines in the county and was 
finally abandoned in 1877 as being worked out. When 
visited in 1875-76 the bottom was full of water and ore was 
being taken out near the top at the northern end, where a 
little red ore was left. As seen close to the bottom the ore 
occurs in and above a black clay ( Utica shale) which con- 
taining a good deal of pyrites— perhaps marcasite— oxidises 
rapidly on exposure and the surface is covered with an ef- 
florescence of sulphate of iron. A little reddish sandstone 
was seen on the dump, but could not be found on the sides 
of the mines, although carefully searched after. Over the 
black clay there occurred in spots heavy bodies of white 
clay, in some places containing ore, in others none whatever, 
It is probable that the Utica shale seen here is a remnant of 
the period when the whole of the limestone was covered by 
the slates (No. Ill) and that being caught in a synclinal of 
limestone it was preserved from erosion at the time when 
the great body of slates was washed away. Many thou- 
sands of tons of ore have been taken from this excavation 
and it is a curious coincidence that the mine should have 
been exhausted just about the time that its aged owner died. 
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GernerPs mine. No. 8 — This has not been worked for 
some time and its sides are much washed. At one point in 
the mine there is a dark liver-brown clay ( Utica shale) con- 
taining glistening particles of pyrites. On the dump there 
is a little white clay. 

Merwin & Scliortz^ s mine^ No 9. — Here nothing could be 
seen, except a little yellow clay ; the mine not being worked 
at present. 

Milton H, Kolilef s mine^ No. 10. — On the north side of 
this excavation there is a heavy deposit of white clay com- 
ing to the surface; the pit being chiefly worked at the 
west end, where there is a good show of ore, a good deal of 
which is of the bomshell variety ; this occurs imbedded in 
seams of white clay. Close to it there are limestone bowl- 
ders, formed by the dissolution of limestone, containing 
thin beds of hydromica slate. The white clay seems in 
part at least to have been formed by the solution of lime- 
stone containing damourite. 

William Ritter' s mine., No. 11. — This is not being worked 
and the machinery has been removed. This deposit is ap- 
parently conlined to the surface and is not in place. It 
looks as if the ore had been washed in during the Drift 
period, and it is associated with pieces of flint and bowl- 
ders of limestone. The sides are much washed. 

Samuel Schortz's mine. No. 12. — But little work has 
been done here, as only a small hole about 10 feet deep has 
been dug, and the stripping from this drawn to make a 
road for a washer. 

Solomon Hit^mmsV s mine., No. IS. — At this place only the 
stack for the washer has been erected and 6 or 6 shafts 
sunk within a diameter of 50 feet. There is a great deal of 
large lump ore at the mouth of each shaft, so that the 
locality presents a promising appearance. 

Samuel Schortz's mine, No. IJ^. — This has not been 
worked for some time, so that as usual in such cases, the 
sides are much washed. In the most eastern part of the 
pit there is a little white clay on the north side, containing 
fragments of damourite slate, but this is too little exposed 
to justify any conclusions. In the most northern part of 
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the mine white clay ^gain appears, which is apparently- 
stratified ; and below this, yellow clay containing angular 
flints, which also apparently occur in the white clay ; but 
the white clay here contains a good deal of yellow clay — 
also plastic — disseminated through it, so that when moist- 
ened the whole jjresents a yellow appearance. As this part 
of the pit is inaccessible it could not be viewed very closely. 
At the east and north end there is an abundance of ore dis- 
tributed through the yellow clay. 

The whole appearance of the mine is that of a secondary 
deposit and seems to point to the ore not being in place. 
All through the yellow clay there are fragments of rock — 
limestone, damourite slate, and quartzite. The two former 
are angular, the latter more rounded. The conclusion ar- 
rived at by the writer is that the entire deposit has been 
formed during the Drift period ; the ore, rock and €lay 
having been pushed down from deposits to the north or 
north-west and deposited here in a depression of the lime- 
stone rock. The western portion of the mine is considered 
to be exhausted, and mud from the washer has been run 
into it. 

William O, Becks mine^ No. 15, — This has not been 
worked since 1873. The west end is inaccessible on account 
of water. The ore apparently occurs stratified in white 
clay, with white clay over it. At this mine the white clay 
comes within six inches of the surface and is about 15 to 18 
feet thick, and there are alternate layers of ore and clay 
about 12 feet thick. From the small exposure it was im- 
possible to arrive at any conclusion as to whether the ore 
was in place or was a secondary deposit. 

J. BecliS mine^ No. 16. — Leased by F. Jobst. Tins has 
not been worked since 1873. But little could be seen on 
this account, but the whole deposit looked as if it was a 
secondary one and not in place, A good deal of ore has 
been taken out, however, which is not often the case with 
deposits of a secondary character. 

John LawalVs mine^ No 17, — Leased by the Crane Iron 
Co. This has not been worked since 1874. In the middle 
of the north side a single spot of white clay is visible. In 
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places small fragments of slaty limestone containing da- 
mourite and small bowlders can be seen. It looks like 
a secondary deposit. The ore was found to be so unsatis- 
factory that work was stopped at the mine in the Fall of 
1878. Joseph Hunt, Esq., Ass't Sup't of the Crane Iron 
Co., furnished me with the following partial analysis made 
by Mr. James Galy, the company's chemist : 

Silica 24.62 

Lime, I.74 

Manganous oxide, 2.92 

MetaUic iron, 42.84 

Pliosphorus, 0.431 

Jacob Wooding" s mine^ JVo. 18, is abandoned and grass- 
grown. There is a very little wash-ore in sight, and a very 
small quantity of ore to be seen at the mouths of the trial 
pits sunk around the excavation. 

Gernert and Hellers mine, No, 19, has not been worked 
since 1874. On the washed sides are small pieces of fresh 
and partly decomposed damourite slate and ore. The 
former is of a grey color. There are numerous pieces of 
quartzite both round and angular from the size of a large 
watermelon to very small pieces. The ore on the dump is 
much of it very light, and the large lumps in some cases 
contain brecciated damourite slate, as if this had been ce- 
mented together by the hydrated ferric oxide. 

Messinger & Woodring" s farm. No. W, — Here several 
shafts have been sunk, which are now closed. The ore at 
the mouths of these is abundant and the appearance is 
promising. 

Benjamin Mosef sfarm. No, 21. — At this point pipe ore 
was formerly taken out, and sent to the Grleiidon Iron Com- 
pany, but it has been exhausted for 30 years and is filled 
up. 

Enoch FogeVs mine, No, 22. — Leased by the Al lento wn 
Iron Company. No excavation has been made on the prop- 
erty, as the panic of 1873 came on just after the lease had 
been made and the machinery erected. 

M, Young'' s mine. No. 23. — This has scarcely been devel- 
oped, beyond sinking a well and commencing to erect ma- 
chinery. 
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Samuel O, Shimer's mine^ No, 2^, — Has not been worked 
for a long time, and there is nothing to be seen. 

Dr, B. C. Walter^ s mine^ No, 25. — The main excavation 
has not been worked since 1874, and was much washed. 
In 1876, when visited, new shafts were being sunk. These 
had in some cases struck white clay, with limestone below 
it, but very little ore being met with. The outlook when 
visited was not very promising. 

Thomas Richard^ Jr.^s, mine^ No 26. — This consists of 
a tract of several acres, covered with ore pits and surface 
excavations. The ore apparently only occurs in surface 
soil, and does not extend to any depth. 

Samuel Messingef s mine^ No. 27, — This is now aban- 
doned, as but little ore was found. On the dump there are 
about two tons of pipe ore. In sinking shafts the workmen 
apparently struck limestone, containing a little damourite 
slate. 



Chapter IY. 
The Potsdam sandstone, 

(By F. Prime, Jr. ) 

• On the map accompanying this report the Potsdam sand- 
stone is seen to commence on the northern flank of the 
South mountains, at East Penn junction, continuing, with 
a single interruption, all the way to South Bethlehem, and 
having everywhere a north-west dip. This north-west dip 
is due to the elevation of the South mountains, of which 
the sandstone, where it occurs, forms the mere outer skin 
or shell, Jbut a few feet in thickness, wherever marked by 
the color on the map. 

The Potsdam sandstone^ as already described in a pre- 
vious report, from the point where first seen, close to East 
Penn junction, to the spot a few hundred feet further east, 
where it ceases, consists of a hard compact quartzite, of a 
yellowish color where weathered, and when freshly quar- 
ried of a grayish tint. It contains small dots and specks 
of feldspathic material, which weather out on exposure, 
giving the rock a more or less pock-marked appearance. 
The thickness, where it could be measured, was 21 feet, 
which must be nearly its total thickness, as syenitic rocks 
occur within ten feet of it, the contact being covered up. 

A little distance beyond the quarry the sandstone has been 
cut away by the Lehigh river for a short distance, but it 
soon reai)pears. After the reappearance of the sandstone 
its actual contact with underlying rocks may be seen in an 
opening close to and on a level with the Lehigh Valley rail- 
road track, which is said to belong to Charles Raw. Here 
the sandstone is the normal quartzite already described. 
The dip of the sandstone appears to be conformable with 

(205 D3.) 
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that of the underlying rocks, both being to the north-west, 
but this conformability may be only local, as the exposure 
is small and the underlying rocks have apparently a slight 
roll. The succession of rocks is as follows : 

1. Potsdam sandstone. 

2. Damourite slate (essentially) containing a little mag- 
netic oxide of iron ; only 2 inches thick. 

3. A gneissic rock, distinctly bedded, 18 inches thick. 

4. A gneissoid rock containing mica and a partially altered 
hornblende. 

5. A homblendic rock decomposed to a serpentine-like 
mineral. 

6. Syenite. 

Rock No. 2 was analyzed by Mr. F. A. Genth, Jr., with 
the following result : 

Silica, 52.09 

Ferriooxide, 11.61 

Alumina, 19.80 

Manganous oxide, 0.07 

Ferrous oxide, 2.64 

Magnesia, 3.15 

Lime, 0.33 

Soda, trace. 

Potash, 7.89 

Loss on ignition, 3.11 

100.6 9 

It was stated in report DD that the rocks under the sand- 
stone might be Lower Potsdam, but a further examination 
during the past year has thrown no light on the subject, 
while their composition would indicate that they are more 
nearly allied to the Laurentian rocks. 

A short distance east of the last locality the Potsdam 
sandstone has been extensively opened above the railroad 
by Henry Sellers. The lowest beds of the sandstone have 
been well exposed and differ much in character from the 
upper ones. For the upper retain their typical character of 
hard, compact quartzite, while the lower are a distinct con- 
glomerate^ or rather a puddingstone, composed of rounded 
quartz pebbles the size of a man's head to that of a hen's 
egg or smaller. These lower beds often contain fragments 
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and rounded masses of red feldspar (or thoclase, ) which are 
perfectly fresh and of a dark red color, imparting a reddish 
appearance to the entire stratum in which they occur, a por- 
tion of the color bein^ due, however, to the peroxidation 
of the ferrous oxide originally present in the sandstone. 

The occurrence of these pebbles indicates that these beds 
must have been formed close to the shore-line and that the 
original coast at this point must have been more or less 
abrupt. 

Well-preserved specimens of ScolitJius occur at this 
quarry. 

East of this point and as far as South Bethlehem the 
Potsdam sandstone everywhere retains its typical char- 
acter of a quartzite. Wherever it occurs of this character, 
it makes a most excellent building stone, no better guar- 
antee as to both its appearance and durability being needed 
than the main building of Lehigh University and those of 
the Bethlehem Iron Company in South Bethlehem. It is 
also well adapted to many purposes around blast and re- 
verberatory furnaces. 

At South Bethlehem a change occurs in the nature of the 
rock, and in place of the quartzite we find a red shale oc- 
curring in the street close to and west of Dr. Lindermann^'s 
residence. At first sight this shale presents an appearance 
very much like that of the New Red Sandstone, but its loca- 
tion and stratigraphical position show that it must be of 
Potsdam age. The change in the lithological character of 
the rock is i)robably due either to the original shore-line 
having been very flat and thus given rise, locally to the 
deposition of silt ; or else, to a stream having poured into 
the Silurian sea at this point during the Potsdam epoch. 

In the rear of Lehigh University the sandstone is seen of 
the normal type, as well as at other points along this ridge 
of the South Mountains. It continues to a point a little 
east of the North Pennsylvania railroad and may be seen 
in the railroad cut, having a north-west dip and non-con- 
formahle with the underlying syenitic rocks which dip to 
the south-east. 

The next point where the Potsdam sandstone occurs is 
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along the hill east of Lower San con church. It has not 
been found directly in place, but its presence is indicated 
by the number of Potsdam sandstone bowlders ; and as the 
syenitic and gneissic rocks crop out a short distance above 
the locality colored yellow, that must be its place. 

North of the blacksmith's shop near J. Bergstresser's 
farm, shafts have been sunk in search of brown hematite, 
which did not find the latter, bjit which struck Potsdam 
sandstone much decomposed, as seen by the material on the 
dumps. Just south of the blacksmith's shop there occur 
bowlders of the same sandstone along the roadside. They 
are much decomposed and consist of rounded fine pebbles 
of quartz and decomposed feldspar. 

The last point where.Potsdam sandstone was found south 
of the Lehigh River, is at the east end of Morgan's Hill^ 
clo^e to the Delaware river. Here conglomerate occurs, in 
which the quartz is the size of the first joint of a man's 
thumb and rounded, together with smaller pieces of feld- 
spar. Above this, geologically, the conglomerate becomes 
a coarse sandstone, while still higher occurs the Calciferous 
sandstone, already described. 

Passing to the north side of the Lehigh river, the Pots- 
dam sandstone occurs on the syenitic hill between Allen- 
town and Bethlehem. The sandstone, which is of the nor- 
mal quartzite type, forms a sheet along the north-west bor- 
der of the syenite, having a general north-west dip, con- 
formable to the upthrow by which the hill was formed. 
The discrepancy in the dip, as shown on the map, is more 
apparent than real, being due to the sandstone folding 
around the flank of the hill, and to local flexures of the 
rock. 

Potsdam sandstone, of the same type, also occurs on the 
south-east side of the hill, having a general easterly dip, 
conforming to the contours of the hill. This outcrop is 
important, when taken with those south of the river, as 
showing that the Isjtter must have had the change of its 
course at Allentown in great measure determined originally 
by a synclinal either of sandstone, or more probably of 
limestone, through which it could find an outlet when its 
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southerly direction was cut off by the mass of the South 
mountains. 

A single piece of quartzite was found to the north-west 
of the Laurentian rocks, north of Bethlehem, on the road 
leading from that place to Shoenersville, but it is uncertain 
whether the rock was in place, or only a bowlder of Medina 
sandstone. 

The last locality where Potsdam sandstone was seen is 
south of the blacksmith's shop at S. Seips, east of the road 
leading to Easton. The arrow dipping S. 12° W., 26° 
should be moved a little further east so as to be in the 
gneissic rock. In the spot colored yellow a shaft had been 
sunk in 1875, in damourite slate, and a little brown hematite 
irpn ore found, but not enough to justify further search. 
Below the damourite slate Potsdam sandstone was found 
nearly in place, but much fractured, and below this the 
gneissic rock, whose dip has just been noted. 

Rogers "* mentions the occurrence of Potsdam sandstone 
close to Chestnut hill. He says : 

"Both on the south and north sides of the axis [of the 
hill] the primal (Potsdam) sandstone is very well exposed. 
On the south side it seems to constitute a separate low arch. 
It is here largely displayed on the river side, and is very 
vitreous, much fused and generally of a reddish hue ; but 
a white sandstone of the more normal character is asso- 
ciated with this." 

"Just at the north end of the gap there is a considerable 
mass of Primal (Potsdam) white sandstone, forming a stone- 
slide or talus. In the north-west flank of the ridge, the 
sandstone may be seen in place dipping vertically." This 
ground was gone over repeatedly by several members of the 
geological corps having this portion of the State in charge, 
and although diligent search was made for the sandstone 
mentioned by Rogers no trace of it could be found. Either 
it has been removed or covered up or by some mistake an- 
other rock was taken to be the sandstone. 



♦See Rogers* Geology of Pennsylvania, Vol. I, p. 242. 
U—D\ 
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Prof. Rogers * in his final report sub-divides the Pots- 
dam Series (No. I) into : 

1. Primal upper slate, — "A greenish -blue an brownish 
talco-argillaceous slate, sometimes very soft and shaly. Its 
only fossil a peculiar fucoid." 

^. Primal white sandstone, — ''A compact, fine-grained 
white and yellowish vitreous sandstone, containing specks 
of kaolin." 

3, '' Primal older slate^ a sandy slate of a brown and 
greenish-grey color, containing much feldspathic and tal- 
cose matter." 

^. Primal conglomerate^ which he says does not appear 
in Pennsylvania and describes as being "a heterogeneous 
conglomerate composed of quartzose, feldspathic and otl:;er 
pebbles, imbedded in a siliceous or talco-siliceous cement." 

Of these formations the result of the present geological 
survey of Lehigh and Northampton counties has been able 
to discover the two uppermost divisions of the series. 

The Primal upper slate is that portion of the damourite 
slate which forms the transition between the Potsdam sand- 
stone and the Siliiro-Cambrian limestone. Rogers states 
its probable thickness as 700 feet, which it may well be in 
portions of Lehigh and Northampton counties, while in 
other places it almost thins out. This damourite slate, 
which, in the present survey, has been colored as a part of 
the Siluro-Cambrian limestone area, is the most important 
of the four divisions Jiamed, as it contains the range of 
brown hematite iron-ores, which lie between the sandstone 
and limestone along nearly the whole length of the two 
counties. 

The Primal white sandstone is the normal Potsdam 
quartzite of the district under discussion. Its maximum 
thickness in the counties above named being 30 feet, instead 
of the probable thickness of 300 feet assigned to it in Penn- 
sylvania. But in Berks county it is much thicker. 

The conglomerate described in thepresent chapter proba- 
bly forms the base of the Potsdam formation in Northamp- 
ton and Lehigh counties. 



* Geology of Pennsylvania, Vol. I, p. 104. 
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During the fall of 1879 the writer of this Report had oc- 
casion to examine the Potsdam rocks of the Shenandoah 
or Great valley of Virginia. The observations made then 
confirmed the views he has long held with regard to the rocks 
of the Potsdam epoch in the Appalachians, viz : That the bay 
or coast-line along what is now the western base of the Blue 
Ridge or South mountains shoaled very rapidly from the 
south towards the north. The whole structure of the rocks 
shows very clearly that there must have been a coast bound- 
ing the Potsdam sea and lying further east than the present 
Blue Ridge or South mountains, since this is bordered to 
the east and west in many places by the Potsdam forma- 
tion, while at other points we find the latter overriding the 
highest crests of the mountain-chain, thus proving that this 
was elevated subsequently to the Potsdam epoch. The 
facts which tend to prove a greater depth of the Potsdam 
sea in Alabama, East Tennessee, and Virginia, when com- 
pared with Pennsylvania and New Jersey are briefly these : 

Prof. Safford,"* in his report on the geology of Tennes- 
see, states that the thickness of the Ocoee Formation — which 
is the equivalent of the Potsdam rocks below the ScoUthus 
linearis sandstone — may be more than ten thousand feet. 
The rocks composing the Ocoee formation in Tennessee are 
said to be mostly pale greenish or bluish, semi talcose (hy- 
dromica ?) slates, containing, occasionally, bands of sand- 
stone and conglomerate. 

He also says that from Washington county, Tennessee, 
towards Virginia the Ocoee is by no means so imjoortant as 
the Chilhowee (Potsdam) sandstone. But approaching the 
Virginia line the group shows itself in considerable masses 
and forms, in part, the great ridge between Tennessee and 
North Carolina. 

Prof. Saiford further states that the Chilhowee (Pots- 
dam) sandstone is a great group of heavy bedded sand- 
stones often dark, but generally weathered to a grayish 
white and containing great beds of whitish qnartzose sand- 
stone or quartzite. At some points sandy shales and thin 
flags, often containing scales of mica, are interstratified. 

* See Safford's Geology of Tennessee, p. 185, et aeq* 
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Some of the sandstones are coarse and approach fine con- 
glomerate. The sandstone often contains ScoUthus and 
impressions of fucoids. The maximum thickness is not 
less than two thousand feet. 

Prof. Fontaine * states that at Balcony falls in Virginia 
the strata underlying the Potsdam sandstone are 417 feet 
thick, the sandstone itself being 500 feet. 

Prof. Campbell f makes the Potsdam formation below the 
ScoUthus sandstone at least 1250 feet thick, and the sand 
stone itself 340 feet. 

At Rockfish gap, further north, Prof. Fontaine makes 
the average of the Primordial rocks to be over 2000 feet, 
with the coarse materials increasing towards the south- 
west. 

Passing northward to southern Pennsylvania, Rogers f 
states that the probable thickness of the Potsdam sand- 
stone near the tunnel opposite Jack's mountain, on the old 
Gettysburg railroad, in Franklin and Adams counties, is 
probably one thousand feet, but assigns no thickness to the 
underlying Lower Primal slates. 

The explorations of the writer show that to the north, 
between the Schuylkill and Delaware rivers, the Potsdam 
sandstones overlie the Laurentian rocks unconformably, 
and that there are no underlying rocks of any thicloiess 
between the two; while in turn the Potsdam sandstone 
thins rapidly as one travels east, and seems to finally dis- 
appear for a time in New Jersey, being but 26 feet thick at 
AUentown. The facts then briefly stated are these : 

1. The Potsdam sandstone, while varying in thickness at 
different points, thins coming north, decreasing from 2000 
feet in east Tennessee to 25 feet in Pennsylvania, and dis- 
appearing in New Jersey. 

2. There are in the south thick deposits of sandstone and 
shales underlying the Potsdam sandstone, which gradually 
thin out, and disappear towards the north. 

It would seem, therefore, as if the ocean, inland sea or 

*Am. Jour. Soi., Ill series, Vol. IX, p. 361, et seq, 
f Am. Jour. Sci., Ill series, Vol. XVIII, p. 485, et aeq. 
X Geology of Pennsylvania, Vol. I, p. 207. 
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bay, which covered the region now occupied by the Blue 
Ridge and South mountains must have been quite deep in 
the south, while it was exceedingly shallow or dry lands in 
eastern Pennsylvania and New Jersey, as evidenced by the 
absence of the strata below the Scolithus-bearing sand- 
stone. 

The lower Potsdam rocks, if formed along an exposed 
coast-line like that of Long Island and New Jersey, must 
in part have been formed, so far as relates to the shales 
which compose them, at a considerable ocean depth, and 
some distance from shore, as we know that along a coast, 
and at a slight depth, only sand would have been deposited, 
while the finer silt would have been carried out to sea. If, 
however, these silts were deposited in a long and compara- 
tively sheltered bay or inland sea, protected from oceanic 
currents, then the shales might have been deposited at 
depths little below the surface of the water, especially if 
there were streams pouring their contents into it, as we see 
the muds now forming in many of the estuaries of our At- 
lantic coast. There are in places evidence of such streams, 
as for example at the western end of Rockfish gap tunnel 
on the Chesapeake and Ohio railroad in Augusta county, 
Virginia, where for many miles we have red ferruginous 
shales, containing a set of beds not over 18 feet thick, which 
contain lean red hemitite, not enough, however, to pay for 
mining, as they do not average over 30 per cent, of iron. It 
is scarcely probable that such iron ores could have been de- 
posited in an open ocean, except at very great depths, as 
shown by the recent Challenger expedition, and there are 
serious objections to this view. 

1st. To have been so deposited the oxide of iron and sili- 
cates of alumina composing the shales must have been dis- 
sol\^ed out of shells, and the probable paucity of animal 
life at this period was too great to suppose a sufl5cient 
quantity of them to have been present to form the large 
amount of iron present. 

2d. The sandstones interstralified with the shales would 
forbid the idea of any very great ocean depths, unless each 
alteration in the composition of the beds was accompanied 
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by changes of level too stupendous to conceive possible, 
when we observe the parallelism and conformity of the 
sandstones and shales. If, however, there existed dry land 
to the east of the present Blue Kidge from which poured 
rivers into a shallow inland sea like Hudson's Bay, then no 
such violent hypotheses become necessary nor even any 
change of level during the Lower Potsdam period. 

There would be currents, both tidal and lacustrine, but the 
effect of both would be small compared to those of a deep 
ocean. The rivers pouring into a great bay, having its 
greatest depth towards the south, would carry in varying 
materials, both as to character and quantity, according, as 
the earth was passing through dry or wet cycles. The iron 
held in solution or more probably mechanical suspension 
being deposited at greater or less intervals from the river 
mouths according as the amount of water which they poured 
forth was greater or less. 

At the same time attention must be called once more to 
the fact that during the formation of the Lower Potsdam 
beds the bay ceased before reaching Eastern Pennsylvania, 
as no deposits of Lower Potsdam, worthy of the name, 
have been found there east of the Schuylkill river. 



Chapter V. * 
The South mountain gneiss^ &c. 

(By C. E. Hall.) 

The following notes of an itinerary survey of the South 
mountain ranges, and (?lie included coves and valleys, lying 
between the Delaware river and the Berks county line, were 
taken in the autumn of 1882. 

The objects of this survey were: — 1, to obtain precise 
data for coloring the key shed in the Atlas ; giving a clearer 
definition to the contact lines where the limestone areas ad- 
join the gneiss, and to the patches of Potsdam sandstone 
which remain upon the ancient eroded surface of the gneiss ; 
2, to furnish the future field geologist with as complete a 
list as possible of all the rock-exposures on and near every 
road in the district. 

These notes can be used to fill in the details of structure 
upon the sheet maps of the Atlas ; and they will be found 
useful in the future construction of cross sections by those 
who shall make special studies of localities, especially in 
the neighborhood of ore mines. 

Great care has been taken to define the exact localities 
of the noted exposures by reference to churches^ taverns^ 
private houses^ railway stations^ and road forks and cross- 
ings. Where none of these were available the course and 
distance is given from some elevated summit marked upon 
the map by figures, thus : 750', or 970'. As the notes fol- 
low the roads there can be no doubt about the identity of 
any given summit thus indicated. 

The paragraphs are numbered from 1 to 255 so as to fa- 
cilitate reference by Mr. Hall' s special index at the end of 
his notes. 

(215 D3.) 
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Mr. Hall's general remarks on the geology of the South 
mountains in the district surveyed by him will be found at 
the end of these notes. 



1. Fragments and bowlders of Potsdam sandstone are ex- 
posed on Lock Ridge along the road leading from Alburtis 
to Erdman's limonite mine (No. 54,) south-west of Lock 
Ridge Furnace. 

There are no exposures of the sandstone in place but 
loose fragments of the rock occur on the northern slope of 
the ridge and extend to the southern escarpment. 

2. Decomposed feldspathic rocks (granulite) are exposed 
on the southern slope of Lock Ridge west of Lock Ridge 
Furnace. The rock is much broken and no exposures in 
place are visible. 

The rock is visible along the road leading from Alburtis 
to Erdman's limonite mine, (No. 54.) 

3. Erdman's limonite mine (No. 54) is located a few 
hundred feet south of Swope creek one mile due south of 
Alburtis, on the east side of Gardner's station- Alburtis 
road. The ore lies in lenticular bodies or beds in decom- 
posed hydro- mica slate of a yellow ocher color. About 60 
feet of this decomposed material is (Exposed in the mine. 

There is no regularity in the deposit of the limonite. Oc- 
casional small bodies of slate are met with which appear to 
be little affected by the weather. 

The whole mass of clay and limonite appears to dip S. 
10° E. 15^ 

South-west of Erdman's mine for a distance of i mile are 
numerous extensive mines in the same formation. There 
is no difference whatever in the character of the deposits. 
. Large quantities of silvery hydro-mica slate are thrown 
out on the waste dumps. The dip of the deposits appears 
to be the same in all the workings. 

4. Large numbers of loose blocks of gray feldspathic and 
hornblendic (pyroxene) gneiss or granulite are exposed on 
are in the vicinity of the Alburtis- Treichlersville road on 
the north slope of the mountain 980'. 
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The exposures extend from the vicinity of Hensingers- 
ville hotel, i mile north of the R. R. to the summit (980') 
of the mountain north of St. Peter's church. The rock is 
usually fine-grained and laminatecj. The hornblendic 
(pyroxene) occurs in fine particle, s pink feldspar is preva- 
lent. 

There is little mica to be found and the rock is principally 
quartz and felspar. Throughout the entire northern slope 
of the mountain there are no exposures of the rock in place. 

5. Potsdam sandstone and quartzite occur at and in the 
immediate vicinity of St. Peter's church. 

One quarter of a mile west of the church near the county 
line the soil is sandy and occasional fragments of quartzite 
are visible on the roadside. Just east of the church on the 
road leading to Shimersville large quantities of quartz and 
conglomerate sandstone occur in the soil. 

The sandstone appears to be confined to a plateau at an 
elevation of 910' to 940'. 

I was unable to find any trace of limestone in the vicinity 
of St. Peter's church. 

6. Gray granitic gneiss (granulite) is exposed near the St. 
Peter's church-Shimersville road about 800 feet east of P. 
Hollman' s house, close to a brook which crosses the road. 

The exposure appears to be part of a ledge but no dip 
could be obtained. The rock is principally quartz and 
feldspar (granulite) with a small amount of mica. 

7. Decomposed feldspar and large bowlders of f eldspathic 
gneiss occur along the Millerstown-Treiclilersville road and 
at the crossing of the St. Peter's church-Shimersville road. 

8. Light-colored f eldspa thic quartzose gneiss is exposed on 
the Millerstown-Treichlersville road on the north slope of 
the mountain 790 feet a short distance south of Millerstown. 

9. A ledge of Potsdam sandstone is exposed in and near 
the Millerstown-Treichlersville road f mile south of Millers- 
town close to summit 580'. This summit is also formed by 
Potsdam sandstone. 

The rock is a gray fine-grained sandstone and quartzite. 
The dip is N. 1.5° W. 15"^. The exposures do not indicate a 
thickness of more than thirty or forty feet. Immediately 
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south of the sandstone exposures quantities of flint breccia, 
quartzite and yellow jasper with deposits of drusy quartz 
occur loose in the soil. 

10. Indications of Potsdam sandstone are found at the 
toll-gate on the Millerstown-Shimersville pike. Quantities 
of loose sandstone and quartzite occur in the soil, but no 
exposures are visible. 

11. One quarter of a mile south of the toll-gate on the 
Millerstown-Shimersville pike specular iron ore was mined 
by Geo. Knaus in 1881. 

The mine is located between the toll-gate and W. Foster's 
house on the west side of the pike. 

The ore appears to be interbedded with quartzose fel- 
spathic rock and the ore is mixed with quartz. About four 
feet of ore is exposed. The dip is S. 50° E. 75°. 

12. Riegel's red hematite (specular) ore mine is located 
a few rods south-west of the hotel at Shimersville on the 
west side of the pike. The ore lies in a bed varying in thick- 
ness from two to six feet. The workings are about 120 feet 
in depth. Decomposed felspathic gneiss (granulite) forms 
the foot wall of the ore. The hanging wall consists of de- 
composed chloritic slate. 

The felspathic rock is so thoroughly decomposed that it 
is easily crumbled in the hand. The bed dips S. 70° E. 45° 
-55°. 

13. Shoenley's mine (Crane Iron Co.'s mine) is located a 
few rods south-west of the toll-gate at Zionsville. 

The ore is specular and rests on decomposed felspathic 
gneiss. Decomposed chloritic slate overlies the ore. 

About four feet of ore is exposed in the mine at present. 

The rock and ore are easily removed with a pick. The 
felspathic rock is usually much decomposed and quite soft. 
The shaft is at a depth of 113 feet. The dip of the ore bed 
is JSr. 25° W. 45°. 

14. Gackenbach and Kern's mine (Crane Iron Co.) is lo- 
cated a few rods east of the toll-gate at Zionsville. 

The ore is the specular or red hematite. The felspathic 
rock adjoining (underlying) the ore is thoroughly decom- 
posed. 
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The workings are at a depth of 145 feet. The thickness 
of the bed varies from live to fifteen feet. The bed dips S. 
15° W. 50°-65°. 

15. G. Schell's mine is located about i mile south-west of 
Zionsville. The mine is located on the same bed which is 
developed at Zionsville, (Shoenley's and Gackenbach & 
Kern' s mines. ) 

The ore as well as the associated rock is the same as found 
at Zionsville. 

16. Bowlders of gray felsi^athic gneiss (granulite) with 
particles of magnetite are found along the road west of the 
toll-house at Zionsville. 

17. Between Shimersville and Zionsville the east slope of 
the mountain 870' west of the road, is covered with bowlders 
of gray felspathic gneiss. 

18. On Indian creek north of Borger' s mill, one mile west 
of Zionsville quantities of loose fragments of gray felspathic 
granulite and fine-grained micaceous gneiss cover the mount- 
ain (850') slope. 

Particles of magnetite occur in some of the feldspathic 
rocks. 

19. Near the head of Indian creek, north of summit 860', 
on the road leading north-west from Borger' s mill, a ledge 
of thinly laminated gray somewhat micaceous gneiss is ex- 
posed. Some of the feldspathic gneiss contains magnetite. 

The dip of the rock appears to be S. 10° E. 80°. The ex- 
posure is not extensive. 

20. On the cross road west of Borger' s hill, which crosses 
Furnace hill between the summits 860' and 890', indications 
of gray felspathic gneiss are visible on the roadside and 
mountain slope. Large quantities of loose fragments of 
gneiss occur in the soil. The rock extends to the southern 
base of Furnace hill. 

The rock is usually a gray feldspathic gneiss (granulite.) 
Mica is found occasionally in small crystals. Hornblende 
(pyroxene) also occurs in small quantities. 

21. Light colored granitic gneiss and gray gneiss (granu- 
lite) with particles of magnetite occur on the south slope of 
Furnace hill, f mile north-east of Hampton Furnace. 
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22. At the southern base of Furnace hill, east of Hampton 
Furnace, the soil of the valley has evidently been derived 
from the decomposition of Potsdam sandstone and slates. 

23. West of Hampton Furnace for a distance of i mile 
quantities of quartzite and sandstone occur loose in the soil 
in the valley. 

There are no outcrops of the Potsdam to be found but it 
is evident that the formation exists in this valley. 

24. J. Christman's limestone quarries are located about i 
mile west of Hampton Furnace. The quarries are located 
close to the Berks- Lehigh county line and just south of the 
road leading from Hampton Furnace to Perryville. 

About 150 feet thickness of rock is exposed in one of the 
openings, the face of the quarry is about 40 feet high. The 
rock is drab colored dolomitic limestone.* The dip of the 
rock is N. 20° W. 80°. 

The quarries are opened on the strike of the rock. The 
dip is somewhat variable. Dip N. 15° W. 78° was also ob- 
tained. 

25. South-west of Hampton Furnace i mile and south of 
the limestone deposits Potsdam sandstone and quartzite 
forms a lidge 800'. 

26. An extensive exposure of compact gray feldspathic 
and micaceous gneiss is exposed at the county line on the 
Zionsville-Tre.ichlersville pike. 

The laminations are well defined. 

The dip is S. 35° E. 30°. A thickness of about 60 feet of 
rock is exposed at this point. 

27. Large quantities of bowlders of Potsdam quartzite 
and sandstone occur on the road near the Berks-Lehigh 
county line a quarter of a mile north-west of Corning sta- 
tion on the Perkiomen branch of the P. & R. R. R. 

The bowlders can be traced some distance along the south- 
ern flank of the mountain. 

28. Gray quartzose feldspathic gneiss (granulite) with 
grains of magnetite occur along the course of Indian creek 
west of Bald Hill between the railroad and ZeakeFs mill. 



♦Analysis by Mr. McCreath of limestone from this locality: Garb, lime* 
52.85 ; carb. mag.« 42.77 ; ox. iron and alumina, 0.65 ; ini^oluble, 3.89. 
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29. Extensive exposures of light gray quartzose feld- 
spathic gneiss (granulite) with some hornblende (pyroxene) 
alternating with fine-grained black micaceous gneiss occur 
on the east slope of the mountain on the west side of In- 
dian creek, between Zeakel's mill and Powder valley. 

The apparent dip is S. 45° E. ±90°. 

30. Just south of Powder valley gray granitic gneiss is 
exposed in the roadside on the east side of Indian creek. 
The rock is much broken. The dip appears to be S. 40° W. 
70°. 

31. Fine-grained gray feldspathic gneiss is exposed on the 
road i mile west of the Powder Valley store south of sum- 
mit 870'. 

The rock is considerably broken. The dip appears to be 
N. 60° W. 60°. 

32. About half way between Powder valley and the Zions- 
ville-Treichlersville pike dark-colored hornblendic gneiss is 
exposed just south of summit 760' near C. Rothenberger's 
house. 

Large bowlders of hornblendic gneiss occur along the 
road south-west of the Evangelical Lutheran church about 
one mile south-west of Zionsville. ' 

Dark gray felspathic gneiss is associated with the horn- 
blendic gneiss. 

The dip appears to be N. 15° W. 70°. 

33. Loose fragments of decomposed dark-colored feld- 
spathic gneiss occur on the road between Zionsville and the 
Evangelical Lutheran church, one mile south-west of Zions- 
ville. 

34. At the Evangelical Lutheran church, one mile south- 
west of Zionsville, dark-colored micaceous gneiss is exposed 
in the road. Just south of the church decomposed light- 
colored feldspathic gneiss (granulite) occurs. 

35. Large quantities of loose fragments of gray granitic 
gneiss (granulite) cover the north slope of Bald HiU south 
of New Zionsville. 

36. On the Hossensack-New Zionsville road numerous ex- 
posures of decomposed felspathic gneiss (granulite) with 
occasional bands of light-colored granitic gneiss occur. 
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37. On the mou ntain sloi)e north of Hossensack at an ele- 
vation of 500 feet dark-colored slaty micaceous gneiss is ex- 
posed in the Hossensack-New Zionsville road. The dip 
appears to be S. 30° E. 65°. 

38. A quarter of a raile north of Hossensack a few rods 
from the forks of the road Potsdam quartzite and sandstone 
is exposed on the road-side. 

The dip appears to be S. 10°-15° E. ±90°. A thickness 
of about 150 feet of rock is visible. 
The rock forms a terrace on the mountain side. 

39. Limestone is quarried a few yards south of the road 
leading from Hossensack to Hossensack Station (on the P. 
V. R. R.) i ^^1^ north-west of Hossensack. 

About 15 feet of rock is exposed in the opening. The 
dip appears to be S. 30° W. 20°. 

40. About i mile east of Hossensack, near Fretz's mill, 
several limestone quames are opened on a bed of limestone 
which extends along the south side of Hossensack creek. 

The quarry nearest Hossensack belongs to Milton Schantz. 
The dip is S. 45° E. 40°. 

About 15 feet of limestone is exposed. Overlying the 
limestone from four to ten feet of red soil (New Red, Meso- 
zoic) is exposed. 

41. Sol. Schantz' s limestone quarry^ is located south of 
Hossensack creek near Fretz's mill, about half a mile east 
of Hossensack. 

The limestone has the appearance of being brecciated. 
Lime shale occurs with the limestone. The rock has the 
apparent dip W. 55°-60°. 

Lime shale in a small quan'y adjoining (Wm. Fretz s 
quarry) has the dip S. 70° W. 60°. 

The limestone is separated from the Mesozoic (New Red) 
sandstone by an escarpment. 

42. Quartzite resembling Potsdam sandstone occurs on 
the road ^ mile east of Hossensack, close to M. Schantz' s 
limestone quarry. 

Quartzose f eldspathic gneiss occurs in the same excavation, 
but this rock is broken and its position could not be ascer- 
tained. 
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43. Fragments of Potsdam qnartzite occur loose in the 
soil along the Perkiomen Valle^^ railroad between Hossen- 
sack and Corning stations west of Indian creek. 

44. Potsdam sandstone forms a well-defined ridge (470') 
east of Indian creek a short distance south-west of Ilossen- 
sack station. 

The entire ridge is covered with fragments of gray sand- 
stone and quartzite, but no exposures of the ledge are 
visible. 

45. At the first curve of the P. V. R. R. north-east of 
Hossensack station occurs are extensive exposures of gray 
feldspathic gneiss (granulite.) 

At the south-west end of the cut, the rock is quarried for 
railroad ballast. The dip is N. 40° E. 70^ 

About the middle of the railroad curve the dip of the 
rock appears to be N. 45° E. 30° . 

The rock is a massive granitic gneiss (granulite) with pale 
pink feldspar alternating with occasional beds of thinly lam- 
inated shaly gneiss. The excavation is about one hundred 
yards long and eighteen feet deep. 

About 100 yards north of this point the railroad cuts 
through broken and decomposed gneiss of similar character. 
Although the cut is more than one hundred yards long and 
from ten to twelve feet deep, there was no undisturbed rock 
observed. 

46. Near the northern end of Bald Hill about two thirds 
of a mile south of New Zionsville are extensive exposures 
of gray feldspathic gneiss (granulite) on the railroad. 

The rock is considerably broken. The cut is about 150 
yards long and 18 feet deep. The rock dips N. 30° E. 80° 
apparently. 

47. Near the road which crosses the railroad at the north 
base of Bald Hill north-east of summit 890', gray gneiss is 
exposed. The dip is N. 20° E. 80°.* 

48. On the New Zionsville-Pretz's mill road decomposed 
quartzose feldspathic gneiss is exposed near Hossensack 

♦There Is little or no change in the character of the rock along the eastern 
slope of BaM Hill. The rock is a gray granulite with pink feldspar and small 
amounts of mica and grains of magnetite. 
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creek. The creek defines the southern limit of the gneissic 
rocks. 

49. Dark-colored feldspathic gneiss is exposed on the road 
leading to Dillingersville from the New Zionsville-Fretz 
mill road, north-east of summit 580', about one mile and a 
quarter north-east of Hossensack. 

The dip is N. 20° E. 60°. 

50. A few unimportant exposures of decomposed gray 
feldspathic gneiss occur on the Dillingersville-Shelley's mill 
road. 

51. A few loose bowlders of coarse mottled pyroxene 
feldspatic rock occur at Shelley's mill. The pyroxene de- 
composing on the surface gives the rock a porous appear- 
ance. 

52. Numerous exposures of loose fragments of feldspathic 
quartzose gneiss (granulite) occur on the DiUingersville- 
Limeport road, north of Shelley's mill and south of sum- 
mit 860'. Light pink feldspar and grains of magnetite occur 
through the rock. 

53. Decomposed feldspathic gneiss (granlite) occurs near 
the blacksmith-shop on the Dillingersville-Limeport road 
f mile west of Chestnut Hill, i mile north of summit, 800'. 

54. Large quantities of loose fragments of gray quartzose 
feldspathic gneiss (granulite) occur on the road west of sum- 
mir 880' of Chestnut Hill. Fragments of similar rock occur 
on the southern and eastern slopes of Chestnut Hill. 

55. Limestone is quarried extensively at Limeport. The 
quarries are located on the east side of the escarpment of 
the creek. From sixty to ninety feet of limestone is -ex- 
posed in the quarries overlaid by twenty to forty feet of 
slate. 

The slate is usually dark colored and has the appearance 
of a hydro-mica slate. The dip of the limestone varies from 
N. 45^-80° E.— 10°-20°. 

The creek at Limeport forms the western boundary of the 
limestone. 

56. Newmeyer's limonite mine is located about i mile 
east of Limeport. 

The limonite occurs in decomposed hydro-mica slate and 
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clay, and from the position of the mine, the slate appears 
to be equivalent to that overlying the limestone of the 
quarries at Limeport. 

The limonite is deposited in irregular lenticular bodies. 
The dip appears to be undulating to the eastward 5° to 15°. 
A large excavation has been made to a depth of about forty 
feet at the deepest point. 

67. Limestone occurs in the low land near A. Brunner's 
house, three quarters of a mile south by east of Limeport, 
south of Newmeyer's mine. 

68. Gmy feldspathic gneiss is found north-east of Chest- 
nut Hill, extending along the north base of the mountain 
920'. No exposures of the rock occur. 

69. Ferruginous quartz and bowlders of flint breccia oc- 
cur in the low land (550'-680') one mile south-west of Lime- 
port, north of Chestnut Hill, in the vicinity of the Chestnut 
Hill Church — Vera Cruz Station road. The rock is un- 
doubtedly Potsdam sandstone. 

60. Gray granitic gneiss (granulite) with pink feldspar 
and grains of magnetite occurs along the road crossing the 
ridge 780' west of Limeport. Loose fragments of the same 
rock cover the mountain slope. 

61. Between Vera Cruz and Vera Cruz station quantities 
of bowlders of Potsdam quartzite and flint breccia are ex- 
posed on the roadside and on the north slope of the mount- 
ain 800'. 

62. At the north end of the tunnel on the P. V. R. R. i 
mile south of Vera Cruz, Potsdam quartzite is exposed. 
About fifty feet of the rock is visible. The dip is S. 30° E. 
20° at the tunnel entrance. Near the junction of the quartz- 
ite with slaty hornblendic rock, a few yards from the en- 
trance of the tunnel, the dip of the quartzite appears to be 
S. 30° E. 60°. The northern approach of the tunnel is 
through decomposed and broken quartzite and sandstone. 

63. Slaty hornblendic gneiss occurs in the P. V. R. R. 
tunnel i mile south of Vera Cruz. The hornblendic rock- 
lies directly against quartzite. 

The gneiss has a dip S. 40° E. 80°. 
16— D'. 
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A few feet of the gneiss adjoining the quartzite has the 
appearance of being affected by a slip or fault. 

Dark compact hornblendic gneiss and granitic gneiss with 
pink feldspar is exposed throughout the tunnel. 

The dip varies from S. 40° E. 40° near the north end of 
the tunnel to S. 40° E. 60° towards its southern end. 

64. Bowlders and fragments of gray gneiss (granulite) 
are exposed on the road west of the P. V. R. R. tunnel 
near summit 780'. 

65. One fourth mile west of Dillinger station on the Dil- 
linger station-Ne\^ Zionsville road light-colored gray gra- 
nitic bowlders and decomposed feldspathic gneiss are ex- 
posed. 

66. A few bowlders of trap occurs on the roadside i mile 
west of Dillinger station on the P. V. R. R. No dyke is 
visible. 

67. One half mile north-east of New Zionsville north of 
the tressel bridge of the P. V R. R. an extensive excava- 
tion has been made on the side of the railroad in decom- ' 
posed feldspathic rock. The feldspar is much decomposed 
and the rock is soft. Occasional bands of dark-colored 
slaty hornblenic gneiss occur through the mass. The ex- 
cavation is about 100 yards long and 10 to 15 feet deej). 

The dip is S. 15° E. 80°. 

68. Fragments of Potsdam quartzite and conglomerate 
occur loose in the soil at the road crossing the railroad half 
a mile north-east of New Zionsville. 

69. Quantities of loose fragments of Potsdam quartzite 
cover the ground at the forks of the road f mile north-east 
of New Zionsville i mile S. of summit 790'. 

70. Large bowlders of gray gneiss (granulite) cover the 
southern slope of the mountain 860'-930' f mile east of 
Zionsville near and on the Zionsville-Dillingerville road. 

71. At the forks of the road north of the toll-gate on the 
Millerstown-Shimersville pike Potsdam quartzite and con- 
glomerate sandstone occurs loose in the soil on the mount- 
ain slope. Feldspar occurs in the sandstone in small frag- 
ments. 

72. Corundum is found east of the Millerstown-Shimers- 
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ville pike, one half mile south by east of the toll-house, one 
fourth mile due east of W. Foster's house, and about one 
half mile north of Shimersville on the north slope of the 
mountain. 

A number of small openings have been made on the mount- 
ain slope. 

The corundum is associated with feldspar ; but nothing 
could be seen as to the nature of the deposit. Decomposed 
feldspar and quartz gneiss (granulite) are exposed near the 
base of the hill. Some hornblendic gneiss occurs loose in 
the soil. 

The probability is that the corundum occurs in a vein 
crossing the granulite rocks. 

Very fine crystals of corundum occur at this locality.* 

73. Gray granitic gneiss, (granulite,) with some black 
mica and hornblende, (pyroxene,) is exposed along the 
northern slope of the mountain, 820' north-east of Shimers- 
ville, north of the Shimersville- Emaus road. 

74. Brecciated flint and Potsdam sandstone is found loose 
in the soil just south of summit 820', one half mile north- 
east of Shimersville, on the Shimersville-Emaus road. 

75. Light colored, thinh' laminated quartzose feldspathic 
gneiss is visible along the north-east slope of the mountain 
710' West of Leipert's gap. 

Numerous exposures of decomposed feldspathic gneiss 
occur on the Shimersville-Emaus road between J. Wetzel's 
and J. Buskirk's house. 

The rock weathers quite white and crumbles readily. It 
has the appearance of light colored sandstone. 

76. Shelley's (old) limonite mine (No. 101) is located 
just north of Shelly' s saw-mill in the northern edge of Lei- 
pert's gap. The limonite occurs in decomposed hydro-mica 
slate and clay. 

Shelley's new mines are on the west side of Leipert's gap, 
opposite the saw-niill at the north edge of the gap. The 
limonite occurs in decomposed slate and clay. The bedding 
is irregular and undulating. 

* Dr. E. F. Smith, of Miihlenburg CoUege, AUeutown, first called attention 
to the occurrence of conindum at this locality. 
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77. At the southern edge of Leipert's gap limonite was 
formerly mined by the Coleraine Iron Co., (mine No. 100.) 

The ore is associated with decomposed slate and clay. 
Partially decomposed hydro-mica slate occurs throughout 
the mass. The dip of the measures appears to be N. 45° 
E. 0°-20° undulating. 

78. North of Vera Cruz, Jmile on the knoll, 600' just south 
of Leipert' s gap, large quantities of loose fragments of brec- 
ciated flint and Potsdam quartzite occur in the soil. The 
rock is similar to that found north-east of Shimersville 
(§74.) 

79. Gray feldspathic gneiss (granulite) with some horn- 
blende (pyroxene) is found on the south slope of the mount- 
ain (730') west of Vera Cruz. 

An exposure of dark gray gneiss occurs on Shimersville- 
Vera Cruz road near L. Fetterman's house. The rock is 
much broken and weathered. 

80. A small opening (No. 99) has been made for magnetic 
ore about J mile west of Leipert's gap just west of the 
mountain summit south of the Shimersville-Emaus road near 
J. Wetzel's house. 

Nothing can be seen in the opening. Fragments of the 
ore on the surface are very silicious. The ore is associated 
with feldspathic gneiss with hornblende. 

81. Thinly laminated quartzose feldspathic gneiss (granu- 
lite) with hornblende is exposed in the roadside i mile south 
of the East Pennsylvania railroad, west of Leipert's gap 
creek on the Shimersville-Emaus road. 

82. Fisher and Donaldson's limonite mine (No. 104) is lo- 
cated at the furnace about f miles south-west of Emaus. 

The limonite is deposited in irregular lenticular beds and 
pockets in decomposed hydro-mica slate and clay. 
The clay is overlaid by six to ten feet of gravel. 

83. There are two large limonite mines. Daney's mine 
(102) and Schwartz's mine (103) between the furnace and 
the north end of Leipert's gap. 

The mines are abandoned and the exposures are poor, but 
it is clearly seen that, the limonite is associated with clay 
and decomposed hydro-mica slate in both of these openings. 
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The ore occurs in lenticular bodies and deposits in the 
clay. 

84. South-west of Fisher & Donaldson's furnace, north- 
east of Leipert's gap south of the P. V. R. R. loose bowl- 
ders of gray feldspathic gneiss (granulite) occur low down on 
the mountain slope and overlie the decomposed slates in 
many places. 

85. Quantities of flint breccia and Potsdam qnartzite oc- 
cur in the soil east of Leipert's gap creek south of the East 
Pennsylvania railroad and on the Shimersville-Eraaus road. 

86. Gray slaty homblendic (pyroxene) and feldspathic 
gneiss (granulite) are exposed at the western end of Lehigh 
mountain in the P. V. R. R. cut at the north end of Leij)- 
ert' s gap. 

Occasional beds of massive laminated (banded) fine-grained 
hornblendic gneiss with epidote are. found in the cut, some 
of the feldspathic beds weather rapidly and are shaly where 
exposed. 

The cut is about 100 yards long and 10 to 15 feet deep. 
The dip is S. 10° W. 35° at the northern end of the cut and 
varies from 25° to 35°. 

87. An extensive cut has been made through clay with 
fragments of quartzite on the line of the East Pennsylvania 
R. R. i mile west of Leipert's gap creek. 

88. B. Kolb's limonite mine is located a few rods north of 
the East Pennsylvania R. R. i mile west of Leipert's gap 
creek. The excavations are only a few feet deep at present. 

The ore is associated with yellow clay and decomposed 
hydro-mica slate. 

89? Potsdam sandstone is exposed near the north base of 
Lehigh mountain just east of Emaus on the Emaus-Coop- 
ersburg road near Trexler & Kline's mine. 

The dip is N. 70° W. 50°. About 25-30 feet of rock is 
exposed. 

The upper beds exposed in an excavation on the roadside 
have a porous and uneven appearance and decomposed hy- 
dro-mica slate and clay adhere to the surface of the sand- 
stone. 

90. Dark gray feldspathic micaceous gneiss bowlders are 
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visible on the N. W. slope and near the base of Lehigh 
mountain east of Emaus. 

The bowlders extend over the decomposed Upper Primal 
slates. 

91. Gray quartzose feldspathic gneiss (granulite) with 
grains of magnetite occurs loose in the soil on the north-west 
slope of Lehigh mountain east of Emaus. 

92. Light gray feldspathic gneiss (granulite) is exposed on 
the southern escarpment of Lehigh mountain near the sum- 
mit crossed by the Emaus-Coopersburg road, about i mile 
south of summit 1000 ft. 1^ mile east by north of Emaus. 

93. Bitting' s limestone quarry is just south of Lehigh 
mountain, 1^ mile nearly due east of Emaus station, i 
mile north-east of J. Christ's house and i mile east of J. 
Bleiter's house, which is on the Vera Cruz-Lanark P. O. 
road, north of a branch of Saucon creek. 

The quarry is at the south-western end of the limestone 
belt which flanks Lehigh mountain on the south, ( Saucon 
valley.) The limestone is light bluish and drab color. 
The openings are small. The thickness of rock exposed is 
about 30 or 40 feet. The dip is N. 66°-70° E. 20°-25°. 

94. Schneider's limonite mine, located near the southern 
base of Lehigh^ mountain in Saucon Valley, IJ miles west 
by south of Saucon Valley P. O., i mile north-east of F. 
Egner's house. 

The ore is associated with decomposed slate and clay. A 
number of large openings have been made. 

There appears to be no difference in the character of these 
ore deposits and those on the north-western plank of Lehigh 
mountain. They undoubtedly belong to the same geological 
horizon, (Upper Primal slates.) 

95. Limestone occurs a few rods south of Schneider's limo- 
nite mine, i- mile north-east of F. Egner's house, IJ miles 
south-west of Saucon V^llev P. O. 

The exposure is small. The rock is contorted and ap- 
pears to be part of an anticlinal fold. The (Contortion is no 
doubt local. The dip is N. 70° W. 30° and N. 75° W. 60°. 

96. Gray granitic and dark colored hornblendic (pyrox- 
ene) gneiss (granulite) occurs on the Emaus-Coopersburg 
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road near Mr. Person's house, near the branch road to Lime- 
port, 1^ miles south-west of Saucon Valley P. 0. 

Although the bed rock is exposed, I was unable to obtain 
the dip of the rock on account of its being weathered and 
broken. 

97. Hydro-micaceous slate and limestone occur loose in 
the soil in the valley extending north from Limeport. 

Loose fragments of the rock are exposed on the roadside. 
The slate is similar to that found overlying the limestone 
at Limeport. 

98. Light gray granitic gneiss (granulite) occurs loose in 
the soil on the western slope of the mountain (850 and 770 ft.) 
east of Limeport. In several places on the Limeport-Center 
Valley road, in the vicinity of A. Valte's house, light gray 
feldspathic gneiss (granulite) with grains of magnetite is ex- 
posed. "* 

99. Fine magnetic sand is found everywhere in the wash 
on the roadsides on the western slope of the mountain east 
of Limeport. 

100. Gray and red quartzite and sandstone occur loose in 
the soil, 1 mile south-east of Limeport and flanking the 
mountain 920 and 930 ft. on the north. The rock is probably 
Mesozoic sandstone. 

101. Fine-grained feldspathic gneiss (granulite) is found 
loose in the soil on the eastern slope of the mountain, west 
of Center valley. 

There are numerous exposures of loose material on the 
cross-road 1 mile west of Centre valley. 

102. An exposure of gray feldspathic gneiss (granulite) 
with grains of magnetite occurs IJ miles west of Centre val- 
ley i mile south of Erdman & Cooper's sand pit. (West of 
summit 680'.) 

103. Limestcme is exposed in an old quarry i mile south 
of Erdman & Cooper's sandpit. The limestone appears to 
cut oflf from the main limestone area of Saucon vallev. The 
thickness of the rock exposed is about 40 feet. 

The limestone is slaty. The dip is N. 60'^ E. 30°-50°. 

♦The gneiss weathers white and has the appearance of sandstone. Some 
coarse hornbiendic (pyroxene) gneiss is also found in this vicinity. 
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104. Erdman & Cooper's sand pit (mine) is located on the 
south side of the Centre valley-Saucon Valley P. O. pike 
one mile west by north of Centre valley. 

The limonite is associated with decomposed sandstone and 
hydro-mica slate. A large amount of silicious matter occurs 
in the ore. 

Decomposed feldspar is found on the surface. The pit is 
close to the edge of the feldspathic rocks. 

106. Coarse gray feldspathic gneiss (granulite) with pink 
feldspar is exposed on the roadside on the west side of Sau- 
con creek at Centre valley. 

The exposure is at the eastern end of the mountain lying 
between Centre valley and Limeport. The dip is S. 15° E. 
30°. The bedding of the rock appears to flatten to the 
northward and the exposure has the appearance of being 
part of an anticlinal fold, (south arm.) About 30 feet of 
rock is exposed. 

106. At the southern edge of Centre Valley, west of Sau- 
con creek, limestone is quarried. Several small openings 
have been made. The quarries are owned by Erdman. 

The limestone in the quarry back of Erdman' s house ap- 
pears to rest directly upon the gneifes of the mountain 620 
feet. The junction is not visible but from the position of 
the limestone there appears to be no space between it and 
the gneissic rocks. 

The dip of the limestone is S. 50° E. 25°-30°. Forty feet 
or more of rock is exposed. In a small quarry J mile south 
of Centre valley on the west side of the creek the dip is 
S. 30° E. 25°-3d°. 

107. Mesozoic breccia of hvdro-mica slate and limestone 
is exposed on the east bank of Sauccm creek at the bridge 
J mile south of Centre valley. Tlie bedding is not well de- 
fined bat appears to dip S. 20°. 

108. Coarse conglomerate and quartzite occur loose in the 
soil on the road from Locust valley to Erdman & Coopers 
sand pit, 1 mile south-west of Centre valley. 

The rock is found at the edge of the Mesozoic red shale 
and apparently rests on the feldspathic rocks. 
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The probability is that the rock belongs to the Potsdam 
sandstone. 

109. Sill & Jordan's mine is located one mile west of 
Centre valley i mile south of summit 680 feet and f mile 
south of Erdman & Cooper's sand pit. 

There are several small openings 20 to 30 feet deep and 
10 to 20 feet wide. 

The limonite occurs in clay and sand, no slate is visible. 

'A small lenticular deposit of specular ore occurs in one 
of the excavations. The limonite is deposited irregularly 
in the clay and sand.* 

• The deposit appears to be in the Potsdam sandstone. 
There appears however to be no Potsdam sandstone between 
the limestone and feldspathic rocks at Centre valley. 

110. A small quarry of Mesozoic red shale is opened on 
G. Y. Landis' land, i mile south of Centre valley, on the 
west side of Saucon creek i mile north-west of the Menonite 
church. The dip is S. 70° W. 30°. A short distance south 
of the quarry shale is exposed near the creek on the cross- 
road. The dip is S. 80° W. 15°. 

111. Gray feldspathic gneiss (granulite) with pink feldspar 
is found loose in the soil and on the roadside north-east of 
Centre valley on the Centre valley-Hellertown road. 

112. Chloritic talcose slate (hydro-mica slate) is visible on 
the roadside, on the cross-road f mile north-east of Centre 
Valley a few yards south of the Centre Valley-Hellertown 
road and f mile south of Saucon Valley mill. The expos- 
ure is very small in wash-out on the roadside. The dip is 
S. 60° W. 15°. 

113. A small exposure of gray feldspathic gneiss (granu- 
lite) occurs east of the road i mile south of Saucon Valley 
mills, near a small branch of Saucon creek. 

The rock is much weathered and broken. The dip ap- 
pears to be S. 15° E. 85°. 

114. Near the railroad on the north slope of Flint Hill, 
i mile mile south-east of Saucon Valley mills, Potsdam con- 
glomerate and sandstone occur loose in the soil. 

115. In the railroad cut about 800 feet south-east of Sau- 
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con Valley mills, a fine grained feldspathic rock is exposed. 
The dip appears to be N. 15° W. 70°. 

Near the south end of the cut quartzite and sandstone are 
exposed. The dip appears to be S. 15° E. 65°. 

The feldspathic rock appears to be a metomorphosed con- 
glomeritic rock, probably belonging to the Potsdam sand- 
stone. 

The quartzite and sandstone at the southern end of the 
cut is unquestionably Potsdam. 

116. Wint limonite mine is located one mile north of 
Centre Valley, i mile south-west of Saucon Valley mills. 

The limonite occurs in lenticular bodies in decomposed 
sandy hydro-mica slate. 

Thin beds of limestone have been found in the mine. 

The ore deposit is irregular. The dips observed are W. 
10°-15° and S. 45° W 15°. The mine appears to be located 
near the base of the slates. The ore is very silicious, owing 
to the large amount of sand which occurs in the slate. 

117. Bowlders of light gray feldspathic gneiss (granulite) 
occur on a noil south of a branch of Saucon creek, one mile 
south of Saucon Valley P. O., near an old limonite mine. 

The rock has scarcely any mica. A small quantity of 
epidote in small veins and grains of magnetite occur through- 
out the rock. 

The gneiss is loose in the soil. 

118. An old limonite mine is located near the base of the 
mountain, one mile south of Saucon Valley P. O., east of 
the Emaus-Coopersburg road, south of a branch of Saucon 
creek, i mile east of summit 490'. The mine Is abandoned 
and no exposure can be seen. 

No slate appears to exist in the material on the waste- 
piles. Quantities of fragments of quartzite occur on the 
surface in the clay. The mine is probably close to the base 
of the slates overlying the Potsdam (Upper Primal Slates.) 

119. Feldspathic gneiss (granulite) with grains of magne- 
tite occurs loose in the soil on the north slope of the mount- 
ain, north-west of Limeport and south of Saucon Valley 
P. O. 

120. Three fourths of a mile north-east of Vera Cruz fur- 
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nace, near the Limeport-Emaus road, at and in the vicinity 
of J. Christ's house S. of Lehigh mountain, fragments and 
bowlders of quartzite and brecciated flint occur loose in the 
soil. The bowlders are confined to the low ground near the 
southern base of the mountain.* 

The rock is similar to that found in the valley between 
Vera Cruz station and Vera Cruz. 

121. At Vera Cruz furnace, and in the vicinity of the 
furnace on the south slope of the mountain, loose fragments 
of dark colored, fine-grained feldspathic gneiss (granulite) 
with grains of magnetite are exposed. 

122. Light colored feldspathic gneiss (granulite) is exposed 
on the south side of a knoll a few yards north of the Vera 
Cruz station — Vera Cruz road i mile north-east of Vera 
Cruz. 

123. Daniel C. Kline's limonite mine is located about 800 
feet south-east of the Coleraine Iron Co.'s mine (No. 100) 
in the south edge of Leipert's gap. 

The limonite occurs in decomposed hydro-mica slate. The 
laminations or dip of the slate is S. 25°- 30°. The dip is va- 
riable and ranges from S. 10° W. to S. 10° E. 

124. Hildegast magnetic mine is located on the south- 
western end of Lehigh mountain, east of Shelley's saw-mill, 
about two hundred feet above the bottom of Leipert's gap. 

The mine is worked to a depth of 100 feet. From 3 to 5 
feet of ore is exposed in the workings. f 

In a slope sunk on the bed the feldspathic gneiss ( granu- 
lite ) is thoroughly decomposed to a depth of 40 feet. 

The dip of the bed is S. 20°-30°E. 55°-60°. 

The rock is somewhat micaceous in places, though usually 
composed wholly of quartz and feldspar, (granulite.) 

The magnetite is associated with quartz principally. A 
small amount of iron pyrite occurs in the ore. 

The more micaceous gneiss becomes shaley and splits in 
thin scales when weathered. 



♦There appears to be no Potsdam sandstone in place in this vicinity. The 
formation unquestionably exists in this depression. 

t The mine is not in operation, and the above figures were given to me by 
one of the owners. 
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125. Two thirds of a mile north-east of the toll-gate on the 
Millerstown-Shimersville pike rusty Potsdam quartzite and 
flint breccia cover the mountain terrace. Large quantities 
of loose ddbris occur in the soil in the vicinity of H. Desh's 
house (500) on the Leiper t' s gap road. 

126. West of Leipert's gap i mile, i mile west of T. 
Buskirk's house, just north of summit 710' sandy decom- 
posed feldspathic gneiss (granulite) is exposed on the road- 
side. Several small excavations have been made on the 
roadside. 

Seams occur through the mass which have a dip E. 60°. 
These are probably cleavage planes. 

The decomposed rock is exposed to a depth of about ten 
feet from the surface. 

127. Potsdam quartz, conglomerate, sandstone, and flint 
breccia occur loose in the soil on the Shimersville-Vera 
Cruz road at and near the school-house, J mile north-east 
of Shimersville, south of summit 820'. 

This deposit is continuous with that noted on the Shi- 
mersville Em aus road near summit 820. ( See § 74.) 

128. Gray and dark colored gneiss (granulite) occurs on 
the Shimersville-Vera Cruz road a short distance east of the 
school-house, on the southern slope of the mountain 830'. 
Some pyroxene and epidote occur in the rock. 

129. Just east of Shimersville angular fragments of Pots- 
dam quartzite and sandstone cover the north slope of the 
mountain 850 and 930. feet. 

130. The terrace i mile north of summit 930 feet, one mile 
east of Shimersville is covered with large angular blocks of 
thinly bedded Potsdam sandstone and quartzite. 

131. One quarter of a mile north-west of summit 930', one 
mile east of Shimersville, several trials pits have been sunk 
on decomposed specular ore. 

The openings are a few rods west of the road which 
crosses the mountain east of the summit. 

The ore is slightly magnetic. The openings indicate a 
strike N. 10° E.-S. 10° W. Nothing is visible in the open- 
ings and the position of the ore cannot be ascertained. It 
is undoubtedly at or near the base of the Potsdam sandstone. 
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132. Trap (dolerite) of greenish color is exposed on the 
road one third mile north of the P. V. railroad, about ^ 
mile west of Dillinger Station, on summit 790'. 

133. Decomposed feldspathic gneiss (granulite) and fine 
grained micaceous gneiss occur on the Vera Cruz-New 
Zionsville road, i mile west of Dillinger station. 

At one point on this road, about 800' north of the rail- 
road, I mile south-west of Dillinger station, decomposed 
feldspathic gneiss occurs in place on the roadside. The dip 
is S. 10° W.±90°. 

134. The southern slope of the mountain, i mile south- 
west of Dillinger Station, near the railroad, is covered with 
fragments of Potsdam quartzite and flint breccia. 

136. Decomposed gray felspathic gneiss (granulite) oc- 
curs on the north slope of the mountain 810', one mile east 
of New Zionsville, north-west of Dillingersville. 

136. A few rods north-west of Vera Cruz station at the 
base of the mountain gray granitic gneiss (granulite) is ex- 
posed in an old quarry. The rock is much broken and the 
dip could not be obtained. 

137. Bader magnetite mine is located i mile north-west 
of Vera Cruz station, on the southern slope of Lehigh 
mountain, at about 700' elevation. 

The dip of the bed is about S. 15° E. 60-70. The thick- 
ness of the bed varies from 4 to 7 feet. The ore occurs in 
quartz and feldspar rock (granulite.) 

138. Quantities of magnetic sand occur on all the road- 
sides on the southern slope of Lehigh mountain. 

The magnetite is derived from the decomposed granulite. 

The largest quantity of magnetic sand was observed J 
mile east of Vera Cruz station, on the road leading to the 
Vera Cruz furnace. 

139. There are numerous trial pits and small openings on 
magnetic ore beds on the southern escarpment of Lehigh 
mountain in the vicinity of Vera Cruz station. 

The openings appear to be on three distinct horizons or 
beds. 

The lowest openings on the mountain side, which are 
geologically the highest, are at an elevation of about 700'. 
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The upper openings are at an elevation erf 800'. A few in- 
termediate openings indicate a bed about half wi^ between 
the upper and lower beds. 

The principal openings are 800' north and 12' to 1600' 
north-east of Vera Cruz station. 

Operations are suspended at all the openings. Pyroxene 
and black mica occur with the ore. Pyrite occurs at some 
of the openings. 

140. Several openings ( trial pits ) have been made on 
magnetic beds about 1,600 feet north-east of Vera Cruz fur- 
nace on the north-east end of a spur of the mountain at an 
elevation of 600 feet. 

The ore is associated with quartz and feldspar gneiss, 
(granulite.) No exposures occur, and the pits are aban- 
doned. 

141. Loose fragments gray feldspathic and fine grained, 
dark colored micaceous gneiss (granulite) with epidote 
and pyroxene, cover the southern escarpment of Lehigh 
mountain in the vicinity of Vera Cruz station and furnace. 
The rock is visible on the road which crosses the mountain. 
No ledges of the rock can be found, 

142. Decomposed feldspathic gneiss (granulite) is exposed 
along the Vera Cruz-Lanark P. O. road, between J. Christ's 
and J. Bleiter's houses, at the south-eastern base of Lehigh 
mountain. 

143. South of the Vera Cruz-Lanark P. O. road, in the 
vicinity of J. Christ's and J. Bleiter's houses, fragments of 
Potsdam quart zite and flint breccia occur loose in the soil. 

144. At Lanark P. O. limonite occurs in decomposed slate 
and clay. A small opening has been made just north of 
the P. O. 

145. Enormous bowlders and blocks of gray feldspathic 
gneiss (granulite) cover the southern escarpment of Lehigh 
mountain near the Lanark- Mountain ville road, between E. 
Bender's house and the mountain summit. 

The rock often presents a banded appearance. Quantities 
of magnetic sand occur on the roa;dside. 

146. South and south-west of Bowers' rock, (1,010', ) north 
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of Lanark P. O., large blocks of gray felspathic gneiss 
(granulite) cover the escarpment of the mountain. 

147. The whole surface of the mountain in the vicinity of 
Bowers' rock ( 1,010' ) is covered with large blocks and loose 
fragments of gray gneiss. Some of the rocks are* 20 feet 
high and are evidently remains of broken ledges. Usually 
grains of magnetite occur through the feldspathic rock. 

Some pyroxene occurs in the rock north of Bowers' rock. 
About 1,800 feet west of Bowers' rock the gneiss appears 
to dip S. 10° W. 30°. 

148. The entire southern escarpment of the mountain be- 
tween Bowers' rock and Coles ville is covered with loose 
fragments and blocks of gray feldspathic gneiss, (granulite.) 
Usually bands or lines of stratification are visible. The 
banded appearance is due to small amounts of mica or 
hornblende (pyroxene.) 

149. Friedensville zinc mine. 

The mine is located at Friedensville about one mile west 
of Bingen station on the N. P. R. R. 

The zinc blende is associated with iron pyrite. It is dis- 
seminated through limestone. The limestone has the ap- 
pearance of having been broken and cracked, and the in- 
terstices filled with infiltrated blende and pyrite. The mass 
has somewhat the appearance of a breccia. The zinc blende 
is not confined to one bed or horizon ; but extends through 
a vertical thickness of 30 or 40 feet in some places, while at 
other points in the mine the infiltration of blende appears 
to be confined to a vertical thickness of 10 to 20 feet. 

The mine is worked to a depth of 250 feet on the slope of 
the bed. 

The excavations are very large and extend along the strike 
more than a thoui^and feet. 

The dip of the limestone is S. 5°-10° E. 30°-35°. 

150. On the Priedensville-Bethlehem road at Colesville 
loose fragments of decomposed feldspathic gneiss are ex- 
posed on the east slope of the mountain. 

151. Loose fragments of Potsdam quartzite and sandstone 
occur on the Friedensville-Bethlehem road between Coles- 
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ville and Seidersville. The rock is found close to the east- 
erii base of the mountain near Black creek. 

152. The eastern slope of the mountain between Colesville 
and Seidersville is covered with loose fragments and blocks 
of gray feldspathic gneiss, (gmnulite.) 

Several small trial pits have been opened on magnetic ore. 
The beds are insignificant. The magnetite occurs in granu- 
lite. 

153. Decomposed feldspathic gneiss is quarried on the 
south-western edge of the mountain south-east of Lehigh 
furnace, li mile east of Fairview. 

The rock is thoroughly decomposed and the bedding ob- 
literated. The dip is probably S. 10^ W. ± 90°. 

154. An extensive ledge of gray feldspathic gneiss (granu- 
lite) is exposed on the northern slope of -the mountain, J 
mile east of Lehigh furnace, south of the Lehigh river. 

Coarse pink feldspar occurs in the rock. The ledge is in 
some places 50 feet high. The dip of the rock is S. 00° E. 
40°-60°. 

The exposure of bed rock at this point is due to the sharp 
curve of the Lehigh river to the eastward having waslied 
the loose ddbris from the face of the mountain.* 

155. The entire northern slope of the mountain on the 
south side of the Lehigh river between Allentown and Beth- 
lehem is covered with large angular blocks and fragments 
of gray feldspathic gneiss. 

The rock appears to be decomposed to a considerable 
depth. 

156. Potsdam sandstone and quartzite is exposed at the 
western end of the mountain, south of Lehigh furnace, 
south-east of Allentown. 

About 20 feet of rock is visible at a quarry. 
The dip is W. 25°-35°. 

157. Potsdam sandstone and quartzite is quarried in 
several places on the north side of the mountain south of 
the Lehigh river about | mile east of Lehigh furnace. The 
rock is thinly bedded, of gray color and usually composed 
of fine sand. 



* Ice may have had an influence in ol taring the sarfaoe, bat no soratobeB or 
strise were observed. 
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About 20 feet of rock is exposed. 
The dip is N. 20° W. 30°. 

158. On the north side of the Lehigh river, between Al- 
lentown and Bethlehem, a narrow belt of gray feldspathic 
gneiss (granulite) forms a prominent ridge. 

The river flows along the base of the ridge for a distance 
of about f of a mile. 

Large quantities of loose fragments and blocks of gray 
feldspathic gneiss cover the southern slope of the ridge near 
its western end. 

The northern slope of the ridge is flanked by Potsdam 
sandstone. (Rogers, p. 96.) 

159. West of South Bethlehem on the cross-road west of 
summit 660 ft. large blocks and bowlders of gray granitic 
feldspathic gneiss (gmnulite) are exposed. 

160. A narrow belt of gneiss forms a ridge two and a half 
miles north of Bethlehem. 

The ridge is in general parallel to the course of the Le- 
high river. 

The gneiss can be traced from the Bethlehem-Shoeners- 
ville road to the Bethlehem-Nazareth pike. ' 

The greatest elevation of the ridge is at its eastern end. 

The two most prominent points on the ridge are Pine Top 
460 ft. and Quaker Hill 530 ft. Limestone surrounds the 
ridge. (Rogers, p. 96.) 

Decomposed feldspathic gneiss is quarried on the south- 
eastern slope of Pine Top. The north-western slope of Pine 
Top is covered with loose fragments of gray feldspathic 
gneiss. The rock is usually fine grained, and is in every 
respect similar to the gneiss of the Lehigh mountain. 

161. The entire northern slope of the mountain south of 
South Betlilehem is covered with loose d^ris of gray and 
dark-colored feldspathic gneiss, (grannlite. ) 

Large quantities of bowlders and fragments of gneiss oc- 
cur on the Friedensville-Bethlehem road, on the north slope 
of the mountain south of South Bethlehem. 

Near the summit of the mountain, on the north side,, 
dark-colored quartzose gneiss occurs on the roadside. 

162. Loose fragments of gray feldspathic gneiss (granuli te) 
16— D'. 
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are visible on the road crossing the eastern end of the 
mountain, south-east of Bethlehem near Saucon creek, 
quantities of magnetic sand occur on the roadside. 

163. The N. P. R. R. exposes the gneissic rock of the 
mountain in a cut just north of Saucon creek, south-east of 
South Bethlehem. The dip is S. 60°. 

164. A short distance east of the N. P. R. R., north of 
Saucon creek, south-east of South Bethlehem, bowlders of 
Potsdam quartzite and sandstone are exposed in the Beth- 
lehem-Shimersville (on the Lehigh) road. 

165. Bowlders of Potsdam quartzite and flint breccia are 
visible on the southern slope (lower terrace) of the mountain 
li mile north-west of Hellertown. 

166. On the south bank of the Lehigh river opposite Free- 
mansburg, coarse feldspathic gneiss with pink feldspar is 
exposed on the roadside. The dip is S. 40°-65°. 

167. Along the southern base of the mountain east of 
Shimersville (on the Lehigh) and south-east of Freemans- 
burg gray quartzose feldspathic gneiss (granulite) occurs 
loose in the soil. The rock is usually banded and resembles 
that found just south of Bethlehem. 

An absence of any quantity of large blocks and bowlders 
is noticable on the southern side of this mountain. 

168. On the west slope of the mountain, 1^ mile east of 
Shimersville (on the Lehigh) loose bowlders of gray feld- 
spathic gneiss (granulite) occur. Grains of magnetite and 
some mica and pyroxene are found in the rock. 

169. Just east of summit 730', 2^ miles east of Shimers- 
ville (on the Lehigh) gray banded gneiss is found loose in 
the soil. Epidote and hornblende (pyroxene) occur in the 
rock. 

170. On the road north-east from Lower Saucon, P. O., 
south i mile of summit 680', the soil is very ferruginous and 
in some places quite red. Loose fragments of quartzose feld- 
spathic gneiss occur in the soil. 

171. South-west of Lower Saucon P. O. on the south slope 
of the mountain east of G. Kuauss' house loose blocks and 
bowlders of granitic gneiss occur. 

172. Loose bowlders of Potsdam quartzite, conglomerate 
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and sandstone occur in the soil on the north slope of the 
mountain just south of Lower Saucon Union Church. 

173. Weber's limonite mine is located about i mile south- 
west of Lower Saucon Union church. 

The limonite occurs in decomposed slate and clay. 

174. About two feet of ore was found in a trial pit one 
mile south of Lower Saucon Union church, Imile north- 
east of Hellertown on the west end of the mountain at 700 ft. 
elevation. 

The ore occurs in quartzose f eldspathic gneiss (granulite.) 

175. Limonite is mined | miles east of Hellertown at the 
head of a branch of Saucon creek which flows through Hel- 
lertown. Several openings have been made. 

The Crane Iron Co. have a shaft 67 ft. The ore occurs in 
clay and decomposed slate. 

176. At Trinity church on the Lower Saucon P. O. -Spring- 
town road 2i miles east of Hellertown Potsdam sandstone 
and conglomerate is exposed on the south side of an old 
limonite mine. 

The mine is full of water but it is evident that the sand- 
stone formed the foot wall of the ore. 

About 15 feet of sandstone is exposed. The dip is N". 
10° W. 70°. 

177. A few rods south of the Potsdam sandstone at Trinity 
church 2i miles east of Hellertown f eldspathic gneiss is ex- 
posed on the Lower Saucon P. O.-Springtown road. 

The dip is obscure but may be N. =t 90°. 

178. Emerick's limonite mine is located J mile west of the 
Lower Saucon P. O.-Springtown road south of summit 820' 
2i ra. east of Hellertown at the head of a branch of Saucon 
creek which flows into Saucon creek just south of Heller- 
town. 

The limonite occurs in decomposed slate. 

179. The southern escarpment of the mountain 820 ft. two 
'miles east of Hellertown is covered with blocks and frag- 
ments of dark gray f eldspathic gneiss, (granulite.) 

On the western slope of this mountain, west of A. Ban- 
der' s house, bowlders of Potsdam quartzite and flint breccia 
occur in the soil. 
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180. Potsdam conglomerate and slate occur on the road 
1 mile. south-east of Hellertown, on the south-western slope 
of the mountain 820 feet. 

181. About 1 mile south of Hellertown, on the Heller- 
town -Springtown road, at S. Kessler's house, decomposed, 
thinly bedded, micaceous feldspathic gneiss is exposed on 
the roadside. The dip is S. 50°-65° W. 60°. 

182. In the railroad cu t a few rods north of the Centre 
Valley railroad station, feldspathic gneiss (granulite) is ex- 
posed. Pink feldspar is predominant. The rock is much 
broken, and the lines of bedding doubtful. The dip ap- 
pears to be S. 10° E. 20°. 

183. Potsdam sandstone is exposed on the west end and 
south side of the ridge, (650\) known as Flint Hill, west of 
Spring valley. The exposures are about 1,600 feet east of 
Saucon valley mills. The rock is exposed close to the 
Spring Valley-Saucon Valley Mills road. About 10 feet 
of rock is exposed. The dip is N. 50° W. 20°-25°. 

184. Magnetic ore has been mined near G. Seiple's house, 
1 mile west of Spring valley, south-west of the summit 650 
feet. The mine was worked by Egleberger & Frey. 

Several trial pits have been sunk on the southern slope of 
the hill in the vicinity of the old mine, close to the Spring 
Valley-Saucon Valley Mills road. The magnetite is asso- 
ciated with quartz and feldspar, black mica, and some py- 
roxene. 

The feldspathic rock is considerably decomposed. 

185. One fourth mile west of Spring valley, south of 
summit 620 feet, close to the Spring Valley-Saucon Valley 
Mills ro ad, a quarry is opened in decomposed feldspathic 
gneiss, ( granulite.) The cleavage dip is N. 35° E. 80°. The 
dip of the rock cannot be ascertained. 

186. Quartzose feldspathic gneiss (granulite) with grains of 
magnetite is exposed at and in a tunnel driven into the hill 
on the north side of the brook at Spring valley. 

The dip is S. 15° W. 45°. The cleavage is N. 40° E. 
60°-80°. 

187. Potsdam quartzite and flint breccia occur loose in 
the soil on the slope (400' to 470') south of Spring valley. 
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188. Half way between Spring vallej'' and Leifchsville de- 
composed f eldspathic gneiss occurs on the northern slope of 
small well-defined ridge (560'.) 

189. A quarter of a mile south of Leithsville limestone 
has been quarried on W. F. Detwiler's place. 

The rock is thinly bedded and bluish^color, about ten feet 
of rock is exposed. The dip is S. 20° E. 20°. 

The limestone appears to be overlaid by Mesozoic sand- 
stone. 

190. About one mile west by south of Springtown, west 
of Geisinger's mine, white sandstone, conglomerate and 
greenish sandy slate occur. The white sandstone is visible 
on the surface of the ground. The rock is probably Pots- 
dam. 

191. Brecciated limestone occurs about three quarters of 
a mile south-west of Springtown south-west of Geisinger's 
mine. 

It forms a ridge along which the ragged edges of the par- 
tially decomposed rock are visible. The ridge can only be 
traced a few hundred yards. Its direction is N. W. and 
S. E. The dip of the rock where exposed in the road ap- 
peared to be S. 10° W. 60°. 

192. Geisinger' s limonite mine is located about one half 
mile south-west of Springtown near the main road. 

The limonite is found in decomposed slate and clay. The 
mine is not working. The excavation is at a depth of about 
25'. 

193. Potsdam sandstone occurs at the mill J mile east of 
Springtown. The rock is exposed near this mill on the 
roadside and it forms a prominent ridge extending north- 
eastward along the base of which Guck's creek flows. The 
dip of the rock at the mill is N. 30° W. 10°-12°. On the 
ridge the dip is N. 40° W. 10°. 

194. Slaty limestone is found close to the Potsdam sand- 
stone north of the mill f mile east of Springtown. The dip 
of the limestone in an old quarry is S. 30° E. 20°. 

195. Aiken's limestone quarry is located east of the hotel 
at Springtown and near the church. The limestone is bluish 
gray color thin-bedded about 25' of rock exposed. 
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The dip is S. 30° W. 25°. 

Along the northern side of the quarry the limestone lies 
directly against sandstone which appears to have the same 
dip as the limestone. The line of fault is about S. 60° W. 
and N. 60° E. ± 90°. 

196. North-east (1200 ft.) of the Springtown church lime- 
stone has been quarried. The opening is small. The rock 
is bluish color and massive at the base, slaty at top of 
quarry. About 25' of rock is exposed. 

The dip is irregular to the north 15°, (Roger's, p. 99.) 

197. North of Springtown near the Springtown-Lower 
Saucon P. O. road a broken ledge of gray granitic gneiss 
with magnetite (granulite) is exposed along the base of the 
mountain. The dip appears to be S. 10° E. 60°. 

198. Loose fragments of gray f eldspathic gneiss (granulite) 
occur on the north slope of the hill (530') i mile south of 
Springtown. 

199. Gray granitic gneiss occurs along the Springtown- 
Stout's P. O. road on the southern slope of the mountain. 

Bowlders of gray granitic gneiss occur on the summit 
(900') of the mountain between Springtown and Stout's 
P. O. 

200. Hornblendic (pyroxene) and feldspathic gneiss with 
pink felspar occur on the northern slope of the mountain 
north of 820' and 790' summits on the Springtown-Stout's 
P. O. road near J. Fulmer's house. 

201. Pyroxene and feldspathic gneiss occur on the same 
road about J mile south-west of Stout's P. O. 

202.^ Feldspathic and hornblendic (pyroxenic) gneiss with 
epidote occurs near D. Raub's house on cross road just south 
of Stout's. P. O. 

203. Gray granitic gneiss with grains of magnetite and 
hornblendic (pyroxene) gneiss cover the northern slope of 
the mountain (760' and 670') south of Stout's P. O. Quan- 
tities of magnetic sand occurs along the roadsides. 

204. Hornblendic and feldspathic gneiss occurs on and 
close to the county line north of Durham P. O., south of 
summit 670'. The rock is found loose on the mountain 
side. 
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205. One third mile north of Durham Union church south 
of summit 600' gray and pink feldspathic gneiss with epidote 
occurs loose on the roadside. Pyroxene and banded feld- 
spathic rock with epidote also occur on the roadside. 

206. South of the Durham Union church at 400' hydro- 
mica slate and slaty limestone occur. The dip appears to 
be S. 25° E. 20. 

207. Just north of Durham P. O. at the foot of the mount- 
ain massive limestone (15 ft.) overlaid by shaly beds (10 ft.) 
is exposed in a quarry. 

The dip is S. 60° E. 30°. 

208. i mile below Durham furnace on the west bank of 
the Delaware river, massive gray-banded granitic gneiss 
(granulite) forms a prominent bluflf. The rock contains pink 
feldspar and some epidote. 

The dip is S. 20° E. 50°. 

209. Just north of Monroe on the west bank of the Dela- 
ware river gray and dark-colored hornblendic pyroxene fel- 
spathic gneiss is exposed. 

The cleavage planes traverse the mass in all directions and 
the dip is doubtful S. 30° E. 10°-15°. 

At Monroe Mesozoic sandstone slate and brecciated con- 
glomerate occur sixty feet or more of rock is exposed at the 
village. The dip is N. 40° W. 20°. About ten feet of red 
shale is exposed near the road above which 18 inches of con- 
glomerate occurs. About twenty feet above this bed (18'') 
a bed of about 10 feet of breccia is exposed. 

211. On the Monroe-Durham road loose fragments of gray 
feldspathic and hornblendic gneiss occur on the slope east 
of summit 370 ft. near Monroe. 

212. Loose bowlders of Potsdam quartzite and flint breccia 
occur on this road south-west of summit 490' south of Mine 
hill. 

213. Surface mine or Mine Hill mine. 

The mine is located just south of summit 490' of Mine 
hill. 

About 18 feet of ore is workable on the surface. The bed 
pitches S. 60° E. 40° and (E. 30°.) 

The ore is red hematite and somewhat magnetic. The 
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thickness of the bed is variable. The ore is mixed with 
quartz principally and has a mottled appearance. It appears 
evident from the proximity of the Potsdam sandstone that 
this ore is between the Potsdam sandstone and the gneissic 
rocks. 

214. About one quarter of a mile south-west of the Sur- 
face mine east of a branch of Gruck creek, due south of Dur- 
ham P. O. a ledge of Potsdam sandstone is exposed. The 
rock is much broken and weathered and it is impossible to 
determine the dip. Probable dip is S. 5"^ W.-|-10°. (Rogers 
p. 99.) 

215. Gneiss is exposed along brook one mile south of Dur- 
ham P. O. and west of summit 530'. 

The dip is S. 45° E. 25°. 

216. Slate and slaty gneiss is exposed south-west of the 
summit 530' and about 1 mile S. of Durham P. O. near 
Geisinger' s mill. Fine-grained feldspathic gneisses exposed 
near the dam. The dip is S. 10° W. 15°. 

The slaty rock has the appearance of metamorphosed 
slate. 

217. About one and a half mile south-west by south of 
Durham P. O. the southern slope of the mountain 570' is 
covered with loose fragments of hornblendic (pyroxene) 
feldspathic gneiss, (granulite.) 

218. About half-way between Durham P. O. and Spring- 
town, limestone is quarried on a noil 350'. The limestone 
is massive and bluish color, much broken and cracked. The 
dip is S. 70° E. 30°. About 18' is exposed in the quarry. 

219. ^ The entire southern side of the valley between Dur- 
ham P. O. and Springtown is covered with loose blocks and 
bowlders of Potsdam sandstone, quartzite, and flint or flint 
breccia. 

220. The Potsdam forms a prominent ridge east by north 
of Springtown on the N. side of the valley of Guck creek. 

221. The southern slope of the mountain north-east of 
Springtown is covered with loose fragments of fine-grained 
gray laminated feldspathic gneiss with magnetite. 

222. Brotzman & Pearson's limonite mine is located on 
the southern slope of the mountain about 450' elevation 
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south-east of summit 850', and about half-way between 
Durham P. O. and Springtown. The limonite is overlaid 
by 6 to 10 feet of debris from the mountain. No slate is 
visible in the mine. The openings small and not over 15 
feet deep. 

223. Limestone quarry south of W. S. Long's quarry on 
road i mile north-west of Durham, massive and shaley lime- 
stone is exposed. Dip ? N. 10° E. 30°. 

224. Limestone is exposed at north-eastern base of Rattle- 
snake hill on roadside. D. S. 30° E. 20°. 

225. Limestone is exposed in a quarry J mile N. W. of 
Durham Furnace on east side of creek. Dip S. 15° E. 30°. 

226. Rattle-snake mine is located on the north slope of 
Mine hill near the summit. The mine is opened by two 
slopes driven on the bed. The slopes dij) S. 10° E. and S. 
10° W. 

The dip of the bed appears to be S. 20° W. 40°. The bed 
is undulating and variable in thickness. From 5 to 15 feet 
of ore is found. The main slope is 400 feet deep. Three 
levels have run from the slope. 

Much of the ore is fine-grained and quite pure. The ore 
is associated with quartz and feldspar. 

227. New tunnel is located a short distance east of Dur- 
ham p. O. The tunnel runs 2,000 feet into the mountain, 
( Mine hill. ) The direction of the tunnel is nearly due south. 
The ore bed is cut under summit 490 feet. The workings 
are on two levels. The ore is evidently the same as that 
found at Rattle-snake mine. 

228. Hollow tunnel, located on the east side of Mine hill 
i mile north-west of Durham furnace. The ore is cut at 
526 feet from entrance of tunnel. The bed is the same as 
developed at Rattle-snake mine. The rock is gray and 
rusty and dark colored f eldspathic gneiss ( granulite ) with 
grains of magnetite. 

229. North of Rattle-snake hill large rounded bowlders 
of Potsdam quartzite occur along a branch of Guck creek. 
The deposit has the appearance of a glacial deposit. 

230. On the southern slope of Rougher' s (Bucher's hill ) 
hill, 1 mile N. of Rieglesville, no exposures occur. A few 
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loose blocks of feldspathic gneiss occur associated with 
quartzite bowlders. Probably the Potsdam extends along 
the southern base of the mountain, but the formation can- 
not be defined. 

231. Opposite Bougher hill, on the New Jersey side of 
the Delaware river, a bold bluff of granitic rock ( granulite ) 
faces the river. The dip is S. 20° E. 30°. The bluff is over 
two hundred feet high, and the exposure is a prominent 
feature from the Pennsylvania side. 

232. Along the eastern base of Bougher hill close-grained 
hornblendic (pyroxene) feldspathic and pink quartzose feld- 
spathic and granitic gneiss (granulite ) is exposed. 

In many places the ledge is very prominent and over- 
hanging. The dip is S. 40° E. 30°. .About 1,500 feet of 
rock is exposed. 

The mountain has the appearance of a monoclinal. 

233. Limestone in the vicinity of Uhlersville is exposed 
extensively in the quarries. 

The dip is S. and S. 10°-15° E. 60°-S0°. 

The dip w^ould be in accordance with a synclinal fold. 
Ripple marks are exposed on an extensive scale at a quarry 
just below Uhlersville. (Rogers', p. 99.) 

234. At Raubsville on the west bank of the Delaware 
river, about five miles below Easton, gray gneiss with some 
black mica and pyroxene is exposed on the roadside and on 
the mountain slope. 

The dip is S. 40° E. 55°. 

235. Slaty limestone is exposed near the canal, a short 
distance north of Raubsville and north of the gneissic belt. 
The dip is N. 30° near the southern edge of the limestone 
belt at an exposure near the center of the limestone area on 
the west bank of the Delaware river east of the summit 
370'. The dip is S. 40° E. 40°. (Rogers, p. 99.) 

236. The southern slope of the mountain south-west of 
Raubsville is covered with loose blocks and bowlders of 
gray and banded feldspathic gneiss, (granulite.) Some mica 
occurs ill tlie rockpyroxene is also present. 

237. Enormous blocks of gray f edlspathic rock occur about 
one mile west of Raubsville on the S. slope of the mountain. 
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Some of the blocks are fifteen feet in length and eight or 
ten feet in diameter. 

238. Lerch limonite mine is located about 2^ miles west 
of Raubsville on the southern slope of the mountain at an 
elevation of about 500', soutli-east of elevation 940' of Hex- 
enkopf hill. 

The limonite occurs in decomposed slate. The ore is 
mined through two shafts about twenty feet deep. 

239. Three quarters of a mile south-east of Hexenkopf 
hill, 1030' summit, just north of the 700' summit quartzose 
gneiss with epidote and pyroxene occurs loose in the soil. 
Some of the rock has a greenish color due to the epidote. 

240. Gray and dark colored gneiss (granulite) occurs on 
the north slope of Hexenkopf hill. Magnetic sand is found 
on the roadside. Epidote and pyroxene occur in the loose 
bowlders along the road which crosses Hexenkopf hill be- 
tween the summits 1030' and 940'. Much of the rock has a 
banded appearance. Very little mica is found in any of 
the rock. 

241. Indications of limonite in decomposed slate occur 
in the soil about one mile due south of Hexenkopf Hill sum- 
mit 1030 ?, northwest of Stout's P. O. east of the summit 750 
feet. The elevation is about 550' and on a range with the 
limonite deposits at Lerch' s mine. 

242. On the southern slope of Hexenkopf Hill summit 
1030' gray banded gneiss occurs loose on the surface. Epi- 
dote and pyroxene is prevalent throughout. 

There are no exposures of the rock in place. The proba- 
bility is that the dip is to the southward. 

243. On the northern slope of Hexenkopf hill just west 
of summit 940' on the roadside near a house at an elevation 
of 830' gray gneiss is exposed. The dip is S. 40° E. 50°. 

244. Along the entire crest of the mountain north-east of 
Hexenkopf hill there are no exposures of rock, and but few 
loose bowlders in the soil. The crest of the mountaiii is 
cultivated pretty generally. Along the southern slope of 
the mountain loose bowlders occur. 

245. At the western extremity of Morgan's hill, and south 
of Glendon, gray f eldspathic gneiss is exposed on the road- 
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sine near the Glendon Iron Co.'s mine (No. 41.) The dip is 
S. 60° E. 70°. 

246. Along the entire northern terrace of Morgan's hill, 
south of South Easfcon, limonite is mined. The ore occurs 
in decomposed slate and clay. The workings are almost 
continuous for a distance of about two miles. 

247. Near the eastern end of Morgan's hill, close to the 
Delaware river, about one mile below the confluence of 
the Lehigh river, massive and shaley limestone is exposed 
on the river road. The dip is N. 16° W. 45°4-- 

Close to the river, near the edge of the Potsdam sand- 
stone, the dip is N. 75° W. 30°. 

248. Potsdam sandstone is exposed on and near the river 
road about one mile south-east of the mouth of the Lehigh 
river, at the northern base and eastern extremity of Mor- 
gan's hill. The dip appears to be S. 40° E. 45°. 

249. The eastern slope of Morgan's hill, close to the Dela- 
ware river, is covered with loose ddbris of grayish, banded 
feldspathic cork, (granulite.) 

250. High bluffs of feldspathic gneiss (granulite) are ex- 
posed on the southern side of Morgan's hill south and S. 
W. of summit 760'. 

The exposures are visible along the river road, (South 
Easton-Raubsville road.) The rock has a variable dip of 
S. 20° W. 65°-S. 10° E. 70°, S. 10° E. 65°. 

251. Along the southern escarpment of Chestnut hill 
steatite and serpentine extend from the Delaware river to a 
point about one half mile west of Bushkill creek. The belt 
has a width of about four hundred feet. 

The serpentine and steatite has generally a greenish color. 

Associated with the steatite massive, coarse quartzose 
feldspathic rock (granulite) occurs. 

The rock is different in character from the feldspathic 
rocks of the gneissic belt which forms the mass of Chest- 
nut hill. The feldspathic rock associated with the steatite 
belongs evidently to the steatite belt. 

The apparent dip of the steatite and serpentine in the 
quarries close to the Delaware river is S. 70° W. 60° and S. 
10° E. ± 90°. 
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The dip S. 70° W. 60° is in all probability erroneous. 
There are two quarries close to the Delaware river worked 
by J. T. Williams. 

The steatite and serpentines of this belt appear to be 
equivalent to the slates overlying the Potsdam sandstone, 
(Upper Primal slates.) I see no explanation for the alter- 
ation of the hydro-mica slates of the Upper Primal into 
steatite and serpentine in this locality. (Rogers, p. 94-5.) 

252. At the eastern extremity of Chestnut hill close to 
the Delaware river extensive exposures of micaceous feld- 
spathic gneiss and granulite occur. 

High bluffs of rock occur along the river road. The dips 
observed are S. 60° and S. 40° E. 70°. The dip S. 60° is 
probably a local contortion. 

253. Light green serpentine and steatite is exposed on the 
roadside on the east bank of Bushkill creek at the southern 
edge of the gap through Chestnut hill about one mile and 
a half west of the Delaware river. 

The dip is S. 15° E. 60°. 

254. Extensive exposures of fine-grained and coarse gran- 
ulite (quartz and feldspar) with grains of magnetite is ex- 
posed along Bushkill creek in the Chestnut Hill gap. 

Pink feldspar with epidote is prevalent in the coarser- 
grained rock. 

About five hundred feet of rock is exposed in the gap. 

The dip observed are S. 15° E. 40°, S. 20° E. 45°, S. 15° 
E. 35°. 

255. Just north of Chestnut hill at the Bushkill creek 
gap limestone is found directly against the feldsi)athic rocks. 

The limestone dips N. 25°. 

The actual junction between the two formations is con- 
cealed, but the distance between them is not over twenty- 
five feet. 

It is impossible from the direction of the dip of the lime- 
stone for the Upper Primal slates or Potsdam sandstone 
to occur on the north side of Chestnut hill at Bushkill 
creek, and as there is no trace of the slates between Bush- 
kill creek gap and the Delaware river, it is evident that the 
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isame structure. extends along the north base of Chestnut 
hill. 

I am unable to judge whether a fault or non-conforma- 
bility exists on the north side of Chestnut hill, but if the 
talcose and serpentine rocks flanking the hill on the south 
are the representatives of Upper Primal slates, the structure 
on the north side of the hill is explained by a fault ; other- 
wise some trace of the slates would be found. 

The probable structure of Chestnut hill is an overturned 
anticlinal having the gentle slope of the fold on the south 
side. 

A fault on the north side of the axis of this anticlinal 
would bring the limestones into the position in which they 
are found against the f eldspathic gneisses and bury the Pots- 
dam sandstone and Upper Primal slates. 



The similarity throughout the Durham hills region of the 
feldspathic gneisses would favor an overturned anticlinal 
structure. Eogers, p. 101. 

The observed dips of the gneissic rocks are to the south- 
ward. 

A series of faults bringing up the same series of gneissic 
rocks would not explain the occurrence of the Potsdam 
sandstone and limestones in places and positions where they 
are found. Usually more loose blocks of feldspathic gneiss 
are to be found on the northern slopes of the mountains 
than on the southern slopes. This fact indicates a steeper 
dip of the measures on the north side of the mountain or a 
monoclinal structure. Either structure would produce the 
same result. 

The magnetic iron ores in southern Lehigh and North- 
ampton counties are found interstratified with the quartz 
and feldspar rocks (granulites.) 

The magnetite is widely disseminated throughout the 
rock, and is found to be present at almost all localities 
where the older crystalline rocks are exposed. 

The crystalline rocks are composed principally of quartz 
and feldspar. In some cases small amounts of dark colored 
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mica and pyroxene occurs through this rock, occasionally 
particles of mica and magnetite are found together. Much 
of the rock is composed wholly of quartz and feldspar. 

The magnetite is generally more or less mixed with quartz 
and feldspar, although occasionally portions of the deposits 
are met with which are quite pure. 

The magnetite beds are always parallel to the bedding 
of the rock. They are very variable in thickness. 

The principal mines are at the south-Western end of Le- 
high mountain, near Vera Cruz, on the western and south- 
ern slope of the mountain, and also on Mine Hill, just east 
of Durham P. O., near the Delaware river, in Bucks county. 
A large number of trial pits have been sunk along the south- 
ern side of Lehigh mountain ; but evidently with no flatter- 
ing results, as operations are everywhere suspended. 

The only mineral of economic value found in the gneissic 
measures, with the exception of magnetite, is corundum. 
See § 72. 

The locality is a short distance north of Shiraersville, in 
Lehigh county. It is my opinion that the amount of co- 
rundum at this locality is not great. 

The corundum occurs in feldspar in proximity to feld- 
spathic and hornblendic gneiss. . 

There are no exposures of the feldspar with corundum, 
but I judge it occurs in vein in the gneissic rocks 

Potsdam. 

Potsdam sandstone, quartzite, and flint breccia occur in 
a number of places throughout the area. The exposures 
of Potsdam sandstone in place are few. Usually loose 
fragments of the rock occur on the surface. 

The sandstone is often feldspathic and the rock decom- 
poses rapidly. 

The feldspar is no doubt derived from the disintegration 
of the underlying gneissic rocks (granulite.) 

The Upper Primal slates are often found where no trace 
of the Potsdam sandstone can be found. This apparent 
absence may be due to the fact that the sandstone is usually 
not thick and might readily be overlooked. 
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The thickness of the Potsdam appears to be usually 
between 25 and 50 feet. At one place, just north of Hos- 
sensack, tlie thickness of the Potsdam appears to be about 
160 feet, but this thickness may be erroneous. 

Specular Ore. 

The specular ore of Shimersville, New Zionsville, and 
Durham, ai)pear to occur at or near the base of the Potsdam 
sandstone. The ores at Shimersville and New Zionsville are 
associated with chloritic slates which may be the equivalent 
of the Lower Primal slates. 

Limonite. 

All the deposits of limonite throughout the district ex- 
amined occur in decomposed hydro-mica slates and clay 
Upper Primal slates and are geologically over the Potsdam 
sandstone. Near Emaus, (§ 89,) the hydro-mica slate is seen 
adhering to the upper bed of the sandstone. Two and a 
half miles east of Hellertown (§ 176) l^otsdam sandstone 
forms the foot wall of an old limonite mine. 

These are the only two localities where the Potsdam sand- 
stone was seen in direct contact with the Upper Primal 
slates. 

On the southern slope of Chestnut hill the Upper Primal 
slates (hydro-mica slates) appear to have been altered into 
steatite and serpentine (§ 251.) No limonite occurs on the 
flanks of Chestnut hill. 

Limestone. 

The disposition of the limestone is irregular. The prin- 
cipal limestone area is in the Saucon valley, south and 
south-east of Lehigh mountain. Along the northern side 
of the valley the Upper Primal slates occur between the 
limestone and the gneiss of the mountain. 

On the south side of the valley about one mile west of 
Centre Valley the limestone appears to rest directly against 
the gneiss and dip towards it, (§ 103.) 

At Limeport the limestone maintains a similar position, 
pitching eastward against the gneissic mountain (§ 66.) 
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There is no positive evidence of the Potsdam or Upper 
Primal slates at either of these localities. 

Between Durham P. O. and the Delaware river the south- 
ern edge of the limestone appears to rest directly against 
the feldspathic gneisses. 

Along the northern edge of this limestone area fragments 
of Potsdam quartzite and decomposed hydro-mica slate 
occur. 

At one point west of Durham P. O. limonite is mined, 
(§ 222.) The ore occurs in decomposed hydro-mica slates. 
The mine is about 200 ft. above the base of the mountain. 

Hudson River slates. 

Slates overlying the limestone occur in only one locality 
within the mountain belt between the Berks county line 
and the Delaware river. 

At Limeport about 30 feet of slates are exposed over the 
limestones at the quarries, (§ 55.) 

Tlie slate is somewhat different in character and a darker 
color than the Upper Primal slates, which underlie the lime- 
stones and overlie the Potsdam. 

The slates of Limeport can be traced for a distance of 
about a mile northward on the east side of the creek. The 
slates occur loose in the soil. 

There is apparently no gradation of limestone into the 
slate at the exposure at Limeport. The slate rests directly 
upon more or less massive limestone. 

From the position of Newmeyer's mine (§56) it would 
appear that the limonite is found in decomposed slates, 
equivalent to those overlying the limestone at Limeport ; 
but inasmuch as fragments of Potsdam quartzite are found 
a short distance south-west of Limeport, near the edge of 
the limestone (§ 59) it is possible that the limonite may 
belong to the horizon of the Upper Primal slates. The ap- 
parent dip of the limonite deposits in all cases is in all 
probability due to the infiltration of the limonite in lines of 
cleavage planes and does not represent the bedding of the 
slate. 

Zinc ore occurs in the limestone at Friedensville. (See 
17— D*. 
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§ 149.) The present mine is located on a regularly pitching 

monoclinal. The ore is blende. According to Rogers, p. 

101, the old mine, which is ^ mile north of the present mine, 

is located on a synclinal fold. Mine abandoned. 

Trap is found in two places north-east of New Zionsville. 

(§§ 66, 132.) 
No evidence of a dyke is visible on the surface, although 

it probably exists. 
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Feldspathic gneiss, . 2, 4, 6, 7, 8, 16, 17, 18, 19, 20, 21, 26, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 46, 46, 47, 48, 49, 60, 61, 62, 53, 64, 58, 60, 63, 64, 65, 67, 70, 73, 75, 79, 
81, 84, 86, 90, 91, 92, 96, 98, 99, 100, 101, 102, 106, 111, 113, 117, 119, 121, 122, 
126, 128, 133, 135, 136, 138, 141, 142, 145, 146, 147, 148, 150, 152, 153, 154, 155, 
158, 169, 160, 161, 162, 163, 166, 167, 168, 169, 170, 171, 177, 179, 181, 182, 185, 
186, 188, 197, 198, 199, 200, 201, 202, 203, 204, 205, 208, 209, 211, 216, 216, 217, 
221, 230, 231, 232, 234, 236, 237, 239, 240, 242, 243, 244, 245, 249, 250. 252, 254 

Magnetite, 80, 99, 124, 137, 138, 139, 140, 174, 184, 226, 227, 228 

Corundum, . . 72 

Potsdam sandstone, qoartzite, flint breooia, 1, 6, 

9, 10, 22, 23, 25, 27, 38, 42, 43, 44, 59, 61, 62, 68, 69, 71, 74, 78, 85, 
87, 89, 108, 112, 114, 115, 120, 125, 127, 129, 130, 134, 143, 161, 156, 167, 
158, 164, 165, 172, 176, 180, 183, 187, 190, 193, 212, 214, 219, 220, 229, 248 

Specular ore, 11, 12, 13, 14, 16, 131, 213 

Limonite, 3, 56, 76, 77, 

82, 83, 88, 94, 104, 109, 116, 118, 123, 144, 173, 175, 178, 192, 222, 238, 241, 246 

/Steatite, 251, 253 

Limestone, 24, 39, 40, 41, 55, 57, 93, 95, 97, 

103, 106, 189, 191, 194, 195, 196, 206, 207, 218, 223, 224, 225, 233, 236, 247, 265 

Zinc ore, 149 

Hudson River Slates, 55, 66, 97 

Mesozoic sandstone, 107, 110, 210 

Trap, 66, 182 
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Ackerman's, (J.,) farm, *4, 162 

Adams county, 212 

Adirondack mountain, 72 

Aiken's limestone ijuarry, 246 

Aims' (Coton) quarry; Major, »91, 90 

Airdrie in Scotland, 50 

Alabama, . . . 176, 211 

Albany township, Berks county, (quarries,) *125, *126 

Alburtis, Gardner's station, *9, 216 

Allegheny mountain ; river, 19, 43, 44, 46 

Allen Cement Company, 164 

Allen township ; villages ; quarries, 2, *7, *107 

Allentown, 2, »8, 9, 10, 12, 18, 15, 18, 19, 

22, 39, 44, 45, 66, 68, 69, 69, 71, 78, 169, 172, 173, 176, 208, 212, 240, 241 

" Levels ; station ; railroad, 10, 11 ; 29 ; 45 

" Iron Company, works, 8, 202 

Alps, 64 

Altoona, *6 

Amboy, 64 

American quarry ; Nos. 1 and 2, 164 ; 117, 164, 166, 168 

Antilawny creek ; 2 branches, . . 11, 12, 20, 21 ; 19 

Appalachian mountains; chain,. . . 22, 36, 176, 211 ; 62 

Appenlnes, .... 64 

Aquanchicola creek ; valley, 47 ; 23, 26 

Ashbumer, Mr., 86 

Atlantic coast, 213 

Atlas (the) accompanying D*, • 67, 215 

Augusta county, Va., 213 

Bader magnetite mine, 237 

Baer A Bertolet, 144 

Bake-Oven knob, 19, 20 

Balcony falls, Va., 212 

Bald Eas^le mountain gap, 47 

Bald Hill, 220,221,223 

Balliet (J.) & Co., 144 

Balliet's furnace, *9,19 

Ballietsville, *10,31 

(261 D^.) 
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Bangor; quarries around .... *4,90,91,92,94; 1S6 

" quarry; Nos. 1 and 2, *»2,93,143; 160 

" central quarry, *91 

* * old quarry, *91 

** Union quarry, «92,93 

** valley quarry, *92 

Bar&Bartly, 123 

Barge, Beoh & CJo.'s quarry, *113 

Barnes (A. R) & Co., 145 

Bartly A Bar, 123 

Bath; level, 182; 28,30,57,106,161,168 

borough ; bridge, . .•6,183; 30 

road, Hanover road; R. B., 102; 182; 181,182 

Bander's (A..) house, 243 

Bear rock, 20 

Bech, Barge & Co.'s quarry, ♦113 

Beck's (J.) name. No. 16, «201 

" (Wm. G.) mine, No. 15, *201 

Beer's (Daniel) quarry, *103 

Beersville, *6 

Belfast ; quarry ; quarries around, *4,99,100; •OO; 136 

Belvedere,. . . 12,13,27,38,58,54,86,89,169; 28 

" R, R, station, R. R. level, 28 

Benninger, Wm., 146 

Berg's, John, 126 

Bergstresser's (J.) farm, 208 

Berks county, 7,19,32,67,83,84,133,134,162,210 

" " line; corner, 7,21,22,215,220,267; 20,35 

" ** notesof quarries, &C., »125 

" and Lehigh R. R., *118,137 

Berlinsville, *6 

Bertolet, D. M. ; Slate Co. ; A Baer, 144,146 

Bertsoh creek, ♦14,110 

Berwick, 54 

Bethel church, 126 

Bethlehem, . 2,»3,6,8, 12,13,14, 15,17, 18,25,28,39,40,41,42,43,45,46,47, 

56,69,71,73,77,78,169,170,172,173,174,178,185,208,209,240,241,242 

" (levels,) 29 

** iron CO. ; mills 170,193,207; 3 

" junction, (L.,) 28,29 

" quarry, ^104 

" lower and upper road, 178,179 

" Catasauqua road, 185 

" Friedensville road, 239,241 

" Nazareth road ; or pike, 174,181,241 

" ShimersvilJe road, 242 

** Shoenersvilie road, 241 

" township ; villages, 2 ; •e 

Biery's (Jonas) mine. No. 1, *197 

Bingen P. O. ; station, 2 ; 239 

Birmingham, 26 
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BiaohofffHerr,] 188 

BiltiDg's limestone quarry, 2S0 

Black creek, 240 

Blair county gaps, 85 

Bleiter's (J.) house, 230,238 

Blue mountain, see Kittatinny ; escarpment, 23,38,83,84; 148 

* P. O. ; slate quarry, *6,98; ni7,120,135; *120,»137 

Blue Ridge, 176,190,211,213,214 

Blue mountains, ... . 151,176 

Blue Vein quarry. Slate Co., *116,144,156,*168 

Blum, 188 

Bolicks, Wm., 126 

Booz, H. N., 146 

Borger»s liill, mUl, 219 

Borough bridge, 115 

Bougher*s hill ; gap, 69,249,260; 70 

Bower, (Jno.,) A Ca, 145 

Bowers' rock, 238, 239 

Bowertown, *7 

Boyer (Daniel) mine No. 67, 193 

Branchville, in Sussex county, N. J., 168 

Breinig's run, (head,) ... 21 

Breinigsville, *11,32,172,197 

Bremer's, G^eo., 20 

Bridgetown, ^12 

Britton, J. B., 186 

Brodhead, (L.,) 28 

Brotzman's (Jos. L.) heirs' mine. No. 45, *194 

(Mary) mine, 191,*194,*195; *195 

Brotzman A Pearson's limonite mine, 248 

Brown's (Washington) quarry, *86 

Brunner's (A.) house, 225 

Bry<k Short, 90 

Bryn Mawr, 52 

BucherHill, 61,249,250 

Bucks county; line, 1,2,8,15,22,48,52,60,70,255; 8 

Bush's, D., 148 

Bushkill township ; Centre, 2; 5; 16,165,174 

creeiv, « ... ,, ^y^ 

*13,15, 17,25,57,59,64,66,77 ,78,80,81,96, 100,101, 162, 178,180,252,253 

level, , 16 

gap, 79,253 

dips, 59,64 

rock-cut, 53 

valley, 16 

ancient channels, 17,46 

quarries, *100 

villages, *5 

Bushkirk's (T.) house, 227,236 

Butztown; Butzville, *5,179; 169 

Cahman quarries, 186 
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Campbell, L. ; Prof., 144 ; 212 

Canada, 26,89,48,72,190 

Carbon county, 1,20,28,25,26,88,39,48,63 

CarlPs Reports, 48 

Case & Co., (G. D.,) 145 

Caskie, Samuel, 144 

Caskie <fe Emack, 111,144,146 

Catasauqua; level, 8,«9,*12, 17,67, 174, 184, 185,197 ; 29 

creek, 6,*14,17, 18,57, 107, 174,184 

mouth, 9,18 

ravine, 80 

Bethlehem road, 186 

and Fogelsville RRs., 9,10,11 

Catskill section ; village; vale of the, 32,88 

Centennial quarry, *125,*187 

Centreville, *3,89 

Centre valley, *10,281,232,288,284,266 

RR. station, 244 

Hellertown road, 288 

Limeport road, . . 231 

Saucon Valley P. O. pike, 232 

Central RR. of N. Jersey, (see N. J. Cen. RR.,) 188 

Chain bridge, dam, 162,171 

Challender expedition, 218 

Chance, H.M., 24,28,29,48.44,82,85,148 

Chapman quarry, *6,»103,105,106,148 

Chapman's (Wm.) mine. No. 3; station, *198; 104 

Chapmansville ; level, 27 ; 28 

Cherry Creek (valley,) 28 

Cherry Hill, »5,101 

Cherryville, *6 

Chesapeake and Ohio R. R, 218 

Chester county quarry, *106,107,186 

Chestnut (Wolfs) hill, *4,»11, 

15,17,56,57,68,60,64,77,80,81,169,174,178,180,181,209,224,225,262,258, 
254,256; geology, «78; gap, 64,66,80,253; ridge, 46,71,79; church, 225 

Christ's (J.) house, . 230,286,288 

Christman's (J.) limestone quarries, . 220 

Christian spring, *5, 161, 166, 182 

Churchville, *4, 96, 162, 165, 180, 181 

Clarion county Report, W., 48 

*< river ; mouth ; old cnannel, 44 ; 48 ; 43 

Claussville, 124 

Clearfield, *6,101 

Clyde, (L.,) 28 

Cobus or Jacobus creek, *14 

Coleraine Iron Co. ; mine, 196,196,197,199,228; 286 

Colesville, 289,240 

College Hill, . . 59,178 

Collier's (W.) flagstone quarry, *182 

Columbia quarry, Slate Co., *117,144,164,168 
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Ck>ntinental quarry, *110 

Contoured map, 67 

Cooper's (Erdman & ) sand pit, 231,232,233 

Coopersburg , Emaus road, *10; 229,230,234 

Coplay; level, «9,10,164;29 

Coplay Cement Co., 164 

Coplay creek ; Iron- works, *9,19;8 

Coming station, 220,223 

"Cove, ' the, 44 

Crackersport, *10,21 

Crane Iron Co. ; mine, 218,243; 218 

" ♦* works; ore bank, 8,198,201,202; *133 

Crawford's (Jacob) mine, No. 43, *194 

Crayon (A.) AS. Co., 145 

Cumberland CO., valley, 24,84,133,134 

Custard, Levi, ... 145 

Daney's mine, * 228 

Daniel's quarry, *102 

Danielsvllle, *6, 14,110,137 

Danner's, H., 183 

Dauphin co., 23,24,71,84,183 

Davidson's quarry, . . *99 

Davis, Mra ; G. R. ; H. L. ; quarry, . . 32,33,34; 144,145; 145; 156 

Dech's (James) quarry ; farm, *99 ; 160 

Delabole quarry, ^98 

Delaware county, 28,52 

Delaware river, 2,3,4,7, 

12,13,14,25,27,28,39,46,48,50,57,58,59,64,66,67,68,71,73,78,79,80,83, 
85,86,89,134,148,162,163,167,168,169,172,174,177,178,191,208,212,215, 
247,250.252,253,266,257 ; N. J. side, 250 ; affluents, 54 ; bed, 37 ; dips 
on, 69,64; Indians, 23; N. Y. slate quarry, 148; road, 166; rock-cut, 

53 ; section N. from Easton, 64 ; S. of Easton, 60 

Delaware valley, 39,42,52 

Delaware Water Gap, 2,24,25,26,30,34,36,84,85 

Delawater Water Gap levels ; sections, 28; 157,158 

quarrias below, 3 

RR. station, (L.,) 28 

and Portland road, 168 

Delaware, Lackawanna and Western RR., 28 

Derby, (Jacob,) 132 

Desh's (H.) house, i . 236 

Detweiler's (W. F.) place, 245 

Diamond slate quarry, *123 

Dillinger station, 226,237 

Dillingersville ; Zionsville road, *11, 224,237; 226 

Dill'sFerry, 14 

D'Invilliers, Mr. E. V 82 

Doddridge quarry, *111 

Donaldson's (Fisher A) limonite mine; furnace, 228:229 

Donat-pig or Spitz-berg, 21 

Domeysville, *10 
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Douglass slate quarry, *101 

Douglassville, 101 

Duck, Young & Company's quarry, *99 

Durham, 249,266 

bone cave, 62 

creek, 62; mouth, 70; valley, 69,70,76 

ftirnace, ... 62,70,247,249 

hills, 2,22,62,67,70,77; region, 264 

P. O., 246,247,248,249,256,267 

Iron Company, 196 

-Monroe road, 247 

Union church, 247 

Eagle slate quarry, *109,144,166,168 

Early settlers, 23 

East AUentown, 185 

East Allen township, 2,6,106,183 

East Bangor; quarries, *4,89; 90 

EastPennRR. ; level, 8,228,229; 29,2a5 

East Tennessee, 211 

Easton, 2-4,7, 

13-18,29,36-44,47,63,56,58-68,71,73,76-78,169,173,176,179,209,250 

township, 2 

high school, 178 

-Stockertown road, 174 

-Wind Gap road, 80 

Eaton, M. H., 146 

Eberhard's (F.) quarry, 187 

Eddy hills, 47 

Edleraan & Co., 98 

Egleberger & Frey 244 

Egner's (F.) house, 230 

Ellis Griffith, 144 

Emack A Caskie, 111,144,146 

Emanuel Church, 106 

EmanueJville, 6 

Emaus, station, «9, 10, 11 ,228,229,280,266 

** -Coopersburg road, 229,230,234 

" -Limeport road, 235 

«* -Shimersville road, 227,228,229,236 

Emerick's limonite mine, 243 

Empire quarry, *103,104 

Emory Pipher quarry, *88 

Erdman's house, quarries, limonite mine, 232,216 

Erdman ifc Cooper's sand pit, 231,232,233 

Evangelical Lutheran church, 221 

Evansville, 133 

Factoryville, *4,94,«98 

Fairview, 240 

Farmersville, *5,179 

Faust, Heinly & Bros., (or Co.,) 126; 144 

Fell's creek mouth, 10 
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Fennersville 25 

Fetterman's (L.) house, 228 

Filetown, .... *6 

First Geological Survey, Pa.; reports, 50,60; 23 

First Mountain, (Blue Mountain,) 28 

Fisher & Donaldson's limonite mine, furnace, 228,220 

Fisler <fe McKean, . . 00 

Five Nations of Indians— Treaty with, . . 3 

Flicksville, *4 

Flinn's (Jacob) abandoned quarry, *104 

Flint Hill, . 238,244 

Fogel's (Enoch) mine. No. 22, *202 

Fogelsville, *11,21,88 

<< and Gatasauqua RR., 0,10,11 

Folk's (Peter) farm, i32 

Fontaine, Prof., 212 

Forchhammer, • 180 

Forks township ; vDlages, 2,^*06 ; 4 

Foster's, W., . . . • 218,227 

Fountain Hill, ', 170 

Fourth Mountain, (Peter's Mountain,) 23 

Fox's gap; road, 25; 4 

Franklin; county, 26,43; 24,84,133,212 

" quarry, ♦118,137,156 

Freemansburg; level, *5,16,67,68,77,172,176; 20,242 

Fretz's (Wm.) quarry, mill: New Zionville road, 222,223,224 

Friedensville ; Bethlehem road ; zinc mine, ... *10,230,257; 230,211; 230 

Friedenthal, *4 

Fry's creek, *14 

" (Peter) farm, (quarry on,) ♦SO 

Fulmer's (J.) house, 246 

Fulmer A Jackson, 07 

Fulmer & Wagner, 02 

Furnace Hill, 210,220 

Gackenbach A Kern's mine, 218,210 

Gardner's Station— Alburtus road, 216 

Gayler, W. Jas., 187 

Gayly, Mr. Jas., 108,202 

Gtoikie's Great Ice Age, 50 

Gtoisinger's mill ; mine, 248 ; 245 

Genth, Dr. F. A., 67 

" F. A., Jr., 206 

Geology of Pennsylvania, Vol. I ; Vol. II, . 60 

62,72,70,81,85,86,140,166,200,210,212 ; 175 

Geology of Tennessee, Safford^ 211 

(George's, Abraham, mine No. 2, ^107 

G^eorgetown, ^5,182 

German, Jonas, 145 

Germansville, *11,123 

Germin, Edwin, 144 

Gemert's mine. No. 8, ^200 
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Gernert & Heller's mine, No. 19, *202 

Gettysburg (old)RR., 212 

Gilberg, Jaoob, . . 144 

Gilt's (John) flagstone quarry, *126 

Girard quarry ; and quarries, *117 ; 164, ^156 

Glendon; level, 77,171,173,193,251; 29 

" Iron Co. ; Works, 172,192—196,202; 173 

»» " " mines Nos. 32 and 40 ; mines, 192,193; 252 

Goetz's (Henry) mine. No. 7, ♦199 

Gotwald, G. A., 145 

Gradwohl's (D.) farm—quarry on, 182 

Great Ice Age— Geikie, ... 60 

Great Lakes— the, . . 25,176 

Great Valley, [see Kittatinny,] see Shenandoah, . 7,22,23,175,185,190,211 

Greenwich township, (Berks Co.,) [quarries, <fcc.,] *128 

Greenwood Lake, N. J., 33,34 

Grevemyer (E.) & B., 146 

Griesermer (G. W.) & Bro., 126,144 

Griffith & Uplinger, 144,n09 

Grimes, W. H., 146 

Grist mill, . 128 

Grone's (L.) farm (quarry,) *^ 

Guard Slate Co., 145 

Guck's creek; branch; valley, 245, 248,249; 248 

Gulf of Mexico, 190 

Guthsville, 123, *10 

Gwinner's Island, 173 

Haas Hill, 21 

Haasen creek, 22 

Hahn's (Adam) mine, Nos. 38 and 39, 193 

Hahn's (Wm.) mine, No. 42, *193 

Hall, C. E., reports C5 and C«, 73,161,163,215,216 

Hallo, *6 

Hamburg, 131 

Hampton furnace, 219,220 

Hanover, 57,182 

Hanover-Bath road, 182 

" township ; village, 2,8; 5,12 

Hardman, [Mr.,] 189 

Harper's gri8t>-mill, 108 

Harper's quarry, 109 

Harper & Uplinger's quarry, 110 

Harrisburg ; Laboratory Second Geological Survey, 23,186,188; 58 

Hartranft, Mr., 186 

Hartshorne, Mr., 186 

Hay's (P.) farm, 179 

Hazelton, 64 

Heckman estate's mine, No. 37, 193 

Hecktown, ... *5,174,182 

Heffner's (W.) grist-mill, 129 

Heideiburg township ; quarries, <fec. ; villages, 8,22; 123; 11 
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Heidelberg-Lowhill township line, 20 

Heimbaoh's quarry, *111,112,136,*138,*160 

Heinemansville, ♦12 

Heinle (Faust) A Bros., 126,144 

Helfrichsviile, *12 

Heller A Gernert's mine, No. 19, *202 

Heliertown, . . «7, 69, 242, 243, 244, 256 

** -Centre Valley road, 233 ; Springtown road, 244 

Hellerville, *4 

Helleck's (W.) farm, 182 

Helman's quarry, *105 

Henly, Faust, ft Co., 144 

Henry's quarry, ♦100 

** (formerly old Harper's) quarry, ♦lOS 

»' (J.) quarry, 109,^137 

Henry (R) & Co., . 144 

Henry & Uplinger's quarry, ^109 

Hensingersville ; hotel, ♦ll, 217 

Hersh, Mr., 120 

Herster's (A.) farm, 178 

Hess (James) A Co., 116,144,145,146 

** " mine. No. 29, 192 

Hexenkopf, 68,71,74,76,261 

<* section across the, ♦76 

Heyer's (J.) house, 101 

Hicktown, 13 

High School, Easton, 178 

Highlands in N. Y. ; and N. J., 176,2; 67 

Hildegast magnetic mine, ... 236 

Hoffman's {S. B.) house— abandoned quarry near, ^108 

Hokendauqua ; level, 8,^9,10,13,19,27,67,58,83; 29 

creek; mouth, 6,7,^14,16,80; 7,9 

iron-works, 8 

Holden Manufacturing Co., 146 

Hollman's (P. ) house, 217 

Hollow tunnel 249 

Hoover's ravine, 69 

Hope's station ; level, 29,57,173,174,179 

Hopesville, ^6 

Hossensack creek ; station, 222,223,224; 266 

»* New Zionsville road, 221,222 

Howell's cotton-mill, 162,166 

Hower, F. M., 109,144,146 

Howersville ; Howertown, ^6,136; 17,30,174 

Huckleberry ridge, 21,22,31,123 

Hudson River, 32,84 

Hudson's Bay, ... 214 

Hughes, D. D. ; Bros, quarry, 145 ; ♦lOO 

Hull (A. & O. T.) quarry, ♦96,^I38 

Hummel's (Sol) mine, No. 13, ^200 

Hunt (Jos.) Esq. ; Dr. T. Sterry, 198,202; 163,189 



it 
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Huntingdon county, 85 

Hutohinson A Kahler*s, 96 

Iceland, 189 

Indian arrow-head locality, 60 

Indian creek, ♦14,219,220,221,223; head, 219; E. Br., 6 

*• ladder level, 28 

Indiana county, 44 

Industrial Slate Co. quarry, 144,*118 

Iron bridge, . *10 

Ironton; R. R., ♦10,21,31 

Jack's mountain, 212 

Jackson's quarry, *97,93,^138 

Jackson & Fulmer ; & Stephen, 97 

Jacksonville, *6, ♦12,30, 106, 107, 161 

Jacob's mine, ^195 

Jacobs <fc Kuntz, 144,146 

Jacobsburg, ♦SjlOO 

Jaoobuscreek, 3,*14 

Jacoby's, S., 183 

Jobst, F., 201 

Johnsonville, ^4 

Jones' (Capt D. D.) new quarry, ^114 

" (Daniel) quarry, ^158 

Jones, H. P.; WUliam F., 88,144 

•« A Williams; quarry, 144,145,146,156; 112 

" Williams, Owens & — , quarry, ^118 

Jordan creek, 10,11,19,20,21,22,31,123,124 

" " branch; valley, 19,20,122,123; 19 

Jordan's (Sill &) mine, 233,137 

Jory (N. A.) & Co. quarry, ♦97,^137 

Joy's mine, No. 63, No. 65, ♦196,^197 

Junction quarry, ^118 

Kahler's, 96 

Kane, Thomas, 145 

Keever A Lutz, 145 

Keller, Luther, 167 

Keller's tavern, 162,166 

Kempdon station, 126 

Kentersville, 14 

Kerns, *9 

Kern, Benjamin, quarries, ^156 

Kern, Grackenbach & — , mine, 218,219 

Kesler's; P. C, ^4,99 

Kessler's (S.) house, 244 

Kester's meadow quarry, ♦Ill 

Keystone ftirnace, quarry, 194,160 

Kichline (Charles) A Co., 194 

Kistler's creek head, 12 

Ki'ttatinny Mountain, 1,2,7,12, 13,^19,21,^22,26,35,38,83,g7, 161,167 

crest, 1,7,28,29 

QSset Knob, 168 
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KlttaUnny vaUey, 22,23,87,67,86,173 

KleckeraviUe, *6 

Kline's (Daniel C.) limonite mine, 28S 

Kline (TrexlerA— ) mine, 229 

Xlinesvllle, 129 

IKoBos, George, 21S 

Knecht'3{A.) tarn, IM 

Knealer's, S., . 126 

Kodh'a (A.) quarry, •107 

Kohler's(MlltoaH.) mine. No. 10, "200 

" (S. D.) farm, 129 

Eolb'a (B.) limonlte mine 229 

Kreidlervllle, . n, 16 ,30, 07,107,108,184 

Krook's (R.) &rm; (Samuel) ^m, 161 

Knauss (G.) hou«e, 242 

Knhnsville, *. '11, 21 

EamdtMoser, 144,146 

Knatz it JaoobB, 144,146 

Knntzrord, 9 



Later, J., . . I4fi 

Laboratory 2nd Oeol. Snr., at Harrisbnrg, 6S 

I^fayette College, S 

LabeEHe, 43 

lAnarkP. O., 280,238,288 

LandlB (G. Y.) land 238 

Ijiubach, John, 29,184 

lAnbaclisvllte, *7 

Laurel Hill Slate Co. ; qnarry, 144,146 ; "12(1 

lAury'B P. O. level, 29,122 

Lanry'e Station, "lO 

Lawall'3 John) mine. No. 17 *210 

l«wler, W 11., 146 

Lebanon connty, 24,84,iB6,133 

Leohauwelci Springs, 170 

Leesport, 183 

Lebigh canal, 3,146 

Lehigh county, . 1,2,»7,B,16,20 

21,26,31,39,67,69,83,84,148,161,162,168,166,174,186,187,197,210,264,266 

map in D>, i 9,21 

Report DS 161,172 

Not«B of quarries, *118 

towQBlilpH; streams^ *8i *18 

Lehigh ftimftce; hill 240; 81 

Lehlgb mouDtslD, . 229,230,236,237,238,241,255,266 

Leh^h river, 2,5,7-10,12-I5,18,IB,2l-2S 25-28,29,M,M 

38-48,50,63,56-61,67,68,76-78,151,164,160-173,183,186 192 205,2O8,2JU-243 

Lehigh river bed; oonfluenoe, mouth, 42,46,47 ; 69,60,263 

Lehigh river valley : old channel, 8,3S,41,42,46,62i 44,48,60,52 

Lebigh river affluents, 64 

bend, 8,9,18 
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Lehigh junction with Catasauqua, 17 

with Monocacy, 53 

Lehigh township, ; . . 2,*6,26,136 

♦» " quarries, noSjlS? 

Lehigh University, 8,48,170,207 

Lehigh Vaiiey Iron Worlcs, ... 8 

Lehigh Valley RR., 8,10,46,160,171,176,205 

Lehigh Water Gap, 2,6,7,16,19,20,24,25,30,84,35,38,47,138,151 

levels, 29 

section, *155 

Lehigh & Berks RR., 9,11,118,187 

** <fe Lackawanna RR. levels, 28 

" & Schuylkill RR., 143 

*' & Susquehanna RR.; levels, 3,8,172,173,178; 29 

Lehigh Cement Works, 164 

Lei pert 's gap ; crSek ; road, 227-229,235,236 

Leithsville, *7,70,245 

Lenharteville, 128,129 

Lenni Lenape Indians, 23 

Lerch, A. W., 145 

Leroh*s (Aaron) mine. No. 4, 198 

" (P.) quarry, 181 

" (Samuel) mine, No. 59, «196 

Lerch limonite mine, -. 251 

" & Raub's mine, No. 64, *196 

Lewer's (Mrs.) mine, No. 30, 192 

Lewis, H. C. report, 48 

Lichiine, [Mr.,] . . . ' 195 

Limeport, *10, 11,224,225,231,232,234,256,257 

** and Centre Valley road, 231 

*' and Dillingersville road, 224 

** and Emaus road, 235 

Linderman's Dr., 207 

Little Gap, 6 

Little Lehigh river, *19,45 

Little Martin's creek, 94 

Lock ridge furnace, 216 

" Slate Co. quarry, 144,146,*120 

Lockport; level, *4,i4;29 

Locust valley, *10,232 

Long's farm; (W. S.) quarry, 167; 168,249 

Long Island, 213 

Lotti's B. section. .... 55 

Lower Catasauqua ; levels ; quarries^ ♦4 ; *94 ; 29 

" mountain. Bethel township, 2 

L. Macungie township ; villages, 8; 11 

L. Milford '• •* 8; 11 

L. Nazareth, " '* 2; 6 

Lower Saucon church ; Union church, 71,208; 248 

" '* P. O., 71,242,248,246 

" ** township ; villages, 2;7 
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Low Hill township ; villages, 8,22,124; 11 

•* quarries, <fec., . . . *124 

** and Heidelberg township line, 20 

Low Hollow P. O., 124 

Liowvllle, 21 

Lutheran church at Church ville, 96 

LiUtz & Keever, 145 

Lycoming county, 47 

Lynn Court, ... 124 

•' township; quarries; villages, 8,21,22; *124; 11 

Lyn port, Lynn port, Lynnsport ; slate quarry, *12,125;*125 

LynnsvlUe, *12 

Lyon creeic, 22 

Lyons Valley P. O., 124 

Macungie ; township, *9,126 

Mahoning, * 44,46 

Maiden Creek township, (Berks oo.,) 133 

Mannus, Wm., 89 

Mantle quarry, 154 

Manunka chunk ; levels ; bend, 2,13: 28; 12 

Marshfield station, *3 

Martin's creek, 4, *13, 56, 67, 64, 66, 85, 90, 94, 96, 166, 181 

*' ♦' P. O. ; village, *4, 94 ; 164,166,168 

♦' '• slate quarries ; dips, 4 ; 64 

*' '* -Nazareth road, 166 

Maryland ; State line, 133; 84 

Mauch Chunk ; quarry, 23,63,71; *104,*109 

Maurer, B., . . 145 

Maxatawny head waters ; township, 22 ; 129 

MoCreath, A. S., Report, 68,220,221 

McDow [quarries,] 166 

McDowell, R. M., 146 

McKean & Fisler, 90 

McKee's quarry, *105 

McKenna, (D.,) 144,146 

Mechanicsville, 21 

Mennonite church, 233 

Merkel's saw-mill, 130 

Merwin A Schortz's mine. No. 9, «200 

Messinger's (Samuel) mine, No. 27, ♦203 

Messinger <fe Woodring's farm. No. 20, 202 

Mexico— Gulf of, 190 

Miller's (Digby) ; (J.); (J.J.) quarry, 126; 181; 167 

Miller, Jos. S., . . 145 

Miller's (Miss) mine, No. 34, 192 

Millerstown, . *11,217 

*^ & Shimersville pike, 218,226,236 

♦* & Treichlersville road, 217 

Millgrove, *5,101 

Mine Hill; mine; tunnel, 247,249,255; 247; 249* 

Mineral Spring hotel, 66 

18— D'. 
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Missouri, ; 178 

Mississippi river, 190 

Mohawk (river,) 166 

Mohrsviile, 133 

Monarcfai quarry, #120 

Monooacy creek. 6,7,»18,27,28,80,40,45.46,57,103 

" vailey, [R] junction, with Lehighi, 77; 63 

Monokesy, 14 

Monroe; village; county, 70,247; 60; 1,4,28,25,26,85 

Monroe County Report G«, 24,26 

Monroe and Durham road, 247 

Monte Corchia, 65 

Monterey, 180 

Montgomery county, 7 

Moore townsiiip ; villages ; quarries, 2 ; *8 ; *103 

Mooresburg, ... 62 

Moorestown, *6 

Moravian missionaries ; settlements, . . 3 ; 25 

Morgan's Hill, . 69,61,65,68,71,73,74,76,172,177,178,208,251,252 

Morrison's (John; quarry, *86 ; 88 

Moselem furnace, 180 

Moser's (Benj.) farm. No. 21, •202 

Moser, D. and J., 145 

Moser's (Richard) quarry, *104 

Moser, W. K., 145 

" AKum, 144,146 

«< & Williams, 117 

Mount Bethel P. C, ♦S 

Mount Ida in Phillipsburg, , 173,177 

Mount Parnassus, . . 178 

Mt. Pisgah ; west foot, 23,69; 69 

Mt. Pleasant, ♦4 

Mountain P. O. 126 

Mountainville-Ijanark road, 238 

Mourer's (Col. B.) slate factory, *110 

Mud Run, 96,166 

Muddy Creek, ♦W 

Mtihlenburg College, Allentown, 227 

Murchison, [Sir Roderick,] 167 

Musconetcunk mountain range [in N. J.], 70,71 

Nancy run, 178,179 

National quarry, 109 

Nazareth. 3,6,25,30,102,161,162,164,165,168,182 

" turnpike; road, 173; 180,183 

" and Bethlehem road ; pike, 174,181; 241 

*' and Martin's Creek road, 166 

<* and Stockertown road, 165 

Neff, E. B.; Joel, 145,144 

Nesquehoning Mountain, 28 

Newburg, ♦5,88,67,174,182 

New Castle, 26 
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New Centreville, *5,182 

New England terraces, 38,176,40 

New Jersey, . 2,8,13,15,24,26,26,34,38,39,66,68,72,84,134,148,168,169,211-213 

** State line, 84 

" highlands, 60,67,73,77 

New Jersey, Scott's mountain in, 77 

" Musconetcunk mountain range, 70,71 

" Pohatcunk mountain range, 69 

" Greenwood l^e, 33 

New Jersey quarry, *149 

•* Central RR., 3,13,108,138 

*« Geological Survey ; reports, 167 ; 26 

New Slatevllle, 125 

New Texas, *11 

New York, 26,34,38,39,57,58,66,73,169 

<• State line, 1 

«» highlands, 67,176 

** Geological Survey, 83,167,177 

New York and Pennsylvania quarry, *110 

" and Delaware River slate quarry, 148,*149 

New Zionsville, 221,223,226,237,256,258 

" and Dillinger Station road, 226 

" and Fretz's mill road, 223,224 

" and Hossensaok road, 221,222 

** Vera Cruz road, 237 

Newell Slate Co., '. 144,146 

Newhartport, *6 

Newhartsville, *6 

Newmeyer's limonlte mine, 224,225,257 

Newport, *7 

Newton and Belvedere RR. June, (L.,) 28 

Newville Slate Co.'s quarry, *110 

Nolf, Reuben; (Thos.) mine, 193,*194 

North Pennsylvania RR.; levels, 3,7,10,170,207,239,242; 29 

Northampton county. 

lines, 1,2 

townships, 2 

villages, 3 

rivers and creeks, *12 

Map, 175 

quarries, *86 

Northampton slate quarry, *105 

North Bangor, quarries Nos. 1, 2 and 3, *93 

North Carolina, 211 

North Lehigh, (R.,) 59 

North or Kittatinny Mountain, 22,24 

North Peach Bottom Slate Company's quarry, *122,136 

North and South Turnpike, 25 

North Whitehall township ; villages; quarries, 8; *10; *122 

North and South Whitehall township line, 21 
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OfDsiet mountain, knob ; creek valley, 18,*24,85,168 

Ohio river, '. 26 

Old East Bangor quarry, ... *90 

Old Harper's (now Henry's) quarry, *108 

Old Keystone quaifry, ms 

Old Lehigh Cement Works, 164 

Old Philadelphia road, 171 

Old quarry, Nos. 1, 2 and 3, *116 

No. 2, SUtmgton, *138 

Olean, 26 

Ontelaunee township ; slate works, 133; 144,146 

Oretield, .... 10,*21 

Owens, Williams <fe Jones quarry, *118 

Oyer's (J.) farm, (quarry,) *89 

Palmer township ; villages, 2,96,178,179; *4 

Parker, 43,44,46 

Paul's, (Daniel,) 145 

Paul's (John) & Co., 144 

Paul's, (John,) Ill 

Pear8on-(Brotzman & 's limouite mine,) 248 

Penargil or Pen Argyl, *5,96,97,137 

Pen Argyl (quarries at,) 136 

Penlynn quarry, *115,116,117 

Pennsylvania Slate Mantel works, 146 

•» quarry, : . . .*97,*138 

** and New York quarry, *110 

Perkiomen Valley R. R., 220,222,223,226,226,229,237 

Perry township (Berks oo.) [quarries, Ac.,] *181 

Perryville, 38,220 

Person's (Mr.) house, 231 

Peters E. D. ; mills level, 111,144; 28 

** mountain (4th mountain,) 23 

Petersville, *6 

Philadelphia ; county ; region, belt, 3 ; 48 ; 72 ; 73 

road (old,) 171 

** and Bethlehem road, 2 

«• and Trenton R. R., 28 

Phillipsburg ; level, 173,177; 28,29 

Pike county ; Report GS 1,38,39,47,24,26,148 

Pike, school-house on the — 100 

Pine Grove quarry, *98 

Pine Knob, 66 

Pine Top, 40,77,241 

Pipher (Emory) quarry, *88 

Plainfieid township; quarries; villages, 2; 96; 4 

Piatt's (W.) Report H^, 44 

Pleasant Corners, or Corner, ♦11,123 

Pohatcunk mountain range of N. J., 09 

Point Edward, ♦4 

•* Phillips, ♦6,14 

Poplar Grove, : ♦6,110 



• 
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Poponoming lake, 26 

Port Clinton, 21 

Porterville, 89 

Port Jervis, 39 

Portland ; R. R. station level, ♦3,26,184,161,167; 28 

** and Delaware Water Gap road, 168 

Potts, Sower A Co., 146 

PottsviUe, 23,71 

Powder valley, 221 

Powell's quarry, «91,92 

Pratt, D. C, 145 

Price's (A.) house, 181 

Prime, Prof. F., Jr., 37,38,40,41,77,82,83,161,206 

Pyster's (Jacob G.) quarry, *93 

Pyster's (P.) farm, 94 

Quaker Hill, 40,66,57,77,174,241 

Ralston, 26,64 

Rattlesnake hill ; mine, 249 

Raub's (D.) house, 246 

Raub & Lerch's mine. No. 54, *196 

Raubsville ; range, *71,68,69,74,260,251; 71 

*< and South Easton road, 252 

Rauoh, K, 146 

Ranch's gravel pit, 38,40,44,46,48,50,53 

" »♦ section, 1 48 

Ranch's Hill ; top, 50,62,53; 48 

Raw, Charles, 205 

Reading, 8,71,73 

** and Durham hills, 22,67 

Red hill, 47 

Redington ; level, 68,171,173; 29 

Reed (T.) & Co., 98 

Reimer, W. G., 146 

Reiter, (L.,) 28 

Remley's (J.) quarry, *111 

Reple's, S. quarry, *108 

Reports— C», CS 73; D, 36,16,9; D^, 9,21,36,84,115,160,164,184,186,206; F, 
85; GS Pike and Monroe, 24,26,28,29,32,47,148; H^, 44; MM., 68; 

N, 28; T, 86; VV, 43,44 ;Z, 26,48 ;l8tGeoL Survey, 23 

Richard's (Thos.) mine. No. 60, noe 

Richard (Thos.) Jr's mine, No. 26, *203 

Richard's mine No. 49, ♦196 

Richmond, ^4 

*♦ creek, ^13,14 

** township (Berks co.) (quarries, <fec,) ♦ISO 

Riegel's red hematite ore mine, 218 

Riegel <fe Stout's mine, No. 66, ^197 

Rieglesville, 249 

Ritters (Simon) mine, No. 6, ^198 

" (William) mine, No. 11, ^200 

Rittersville, ♦12,46,178,185 
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Rittersville Divide, 46 

Robeman's [quarry,] *188 

Roberts, D. W., 144 

" Henry J., 146 

" J., 144 

*♦ (John T.) & Co., 146 

" (Joseph,) Ill 

Robertson, Kenneth , Esq., 193 

Robinson (John T.) A Co., ; quarry, 116;*97,98 

Rockdale, 114 

Rockfish gap ; tunnel, 212,218 

Rockhillgap, 85 

Rockville, *6,26,108 

Rocky ndge, 25,28 

Rogers, Prof. H. D., 60,66,72,73,80,81,85,89,149,176,184,210,212 

♦• *' Final Report 1858, . ... .... 59, 

60,79,86,169,241,246,248,250,263,254,258 

Rothenberger's (C.) house, 221 

Rondout quarries in N. Y., 32 

Round Top, 128 

Rughsville, *10,21 

Russ' (J. P.) quarry, 162 

Ryan's (Thos.) slate quarry, ♦104 

Saegersville Slate Co., • 145 

Saflbrd, Prof., (Geol. of Tenn.,) 211 

Salamanca, . 26 

Salsburg township ; villages, 8 ; *10 

Sampson's (Jos.) mine. No. 35, 192 

Sampson <fe Sitgreaves' mine. No. 36, *193 

Sanders, R. H. ; special report, 82,83; 35 

Sandstone Ridge, 83 

Sandt's (C.) house, 181 

Saucon creek, 7,*12,*14, 16,45,46,54,69,230,232,233,242,243 

" a branch, 10,233,234 

*♦ valley, 2,«10,68,70,76, 176,230,282,256 

" Valley basin, 169 

" mill, 233,234,244 

*' mills and Spring Valley road, .244 

Saucon Valley P. O., 280,231,234 

<' and Centre Valley pike, 231 

Saucon Iron Co., 197 

Saul (J. S.) & Co , 144 

Shaeffer's run, 22 

Schantz's (Milton) quarry ; Solomon, quarry, 222 

Schell's (G.) mine, 219 

Schemerhorn, S. P., 28 

Scherersville, ♦lO 

Schnecksville, 81 

Schneider's limonite mine, 280 

Schock's, R, 85 

Schoeneck, *5 
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SchoBnley's mine, 219 

Sohoenersville, *6,»12 

School-house No. 4, 180 

Schortz's (Samuel) mines, Nos. 12 and 14, *200 

Sohortz & Merwin's mine, No. 9 *200 

Sohug's, William, 181 

Schuylkill county, 1,20,23,24 

" river, 19,22,23,67,83,85,134,212,214 

•* Water Gap ; section, 21,33,34,35; ♦153 

" & Lehigh RR., 143 

'* Swatara & Susquehanna RR., 134 

Schwartz's mine, 228 

Scotland, 60 

Scott's Mountain, N. J., 13,77 

Scranton, 89 

** Coal and Iron Co. 's quarry, 151 

Second Mountain, 23,38,107 

Sedgwick, 167 

Seems (Samuel) quarry, '»99 

Seemsville. . *7,30,168,184 

Seiberlingsville, 125,126 

Seibert's (George) mine, No. 28 and No. 31, 192 

Seibert, W. H., 144-146 

Seidersville, *7,170 

Seiple's ((}.) house, .244 

Seip'8;S., 17,79,165,179,180; 209 

Seipsville, *4,*12 

Sellers, Henry, 206 

Sharp Mountain, '..... 71 

Sheerer, fHerr,] 188 

Shelley's limonite mines ; mill, 227; 224,235 

*♦ and Diliingersviile road, 224 

Slienandoah or Great Valley of Virginia, 211 

Shenton, F., 145 

Shernersviile, *4 

Shimer's(L.,) 28 

Shimer's (Samuel C.) mine, No. 24, *203 

" (Wm.) mine, No. 5, ♦198 

Shimersburg, .... 68 

Shimersville, . *4,«7,45,46,56,68,71,77, 170,217,219,227 ,228,236,242,255,256 

•' hotel, . . ; 218 

•' and Bethlehem road, 242 

« and Emaus road, 227-229,236 

" and Millerstown pike, 218,226,236 

*♦ and St. Peter's Church road, 217 

•* and Vera Cruz road, 228,236 

Slioehery Ridge, 21,83 

Shoemakersville; road, 132,133; 17,18,174,184,185,209 

Shoenersville-Bethlehem road, 241 

Shoen ley's mine, 218 

Shohola Creek, . . . . , ,,,,•... 47 
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Short &Bry, 90 

Siedersville, 240 

Siegersville ; Branch RR., *10,31 ; 10 

Siegfried's bridge; levels, «7, 10,81,67,108,164,168,174,183 ; 29 

Siepstown, (old quarry near,) 126 

Sill <fe Jordan's mine, 233 

Sinkholes, 16,17 

Six-sheet map, 36,38,64,74,81 

Slatedale, *9, 120, 137 

** branch RR. junction, 118 

Slatedale, (quarries at) and near, 136,138,143 

Slateford; creek, ♦3,86,149; 14 

Slatington, «9, 19, 113, 114, 117, 120, 122, 143, 161, 152, 154, 166 

»* depot; levels, 115,118; 29 

Siatingdon region, 143 

** News, 143 

" cross-section through, *136 

Smith, Dr. E. F., 227 

Smithsville, 129 

Smoketown, *5,67,182 

Snowdon quarry, «88 

Snyder's widow, 20 

Soch Slate Co., 146 

Somerset, 48 

South Bethlehem, *3,7,48,50,69, 169, 176,206,207,241,242 

" " Zinc Works, 69 

** " and Raubsville road, 252 

South Mountains ; belt, . . 7 

14,15,18,19,22,56,60,67,71,73,76-79,169,206,207,211,213,216 ; 71 

northern flank ; slope, 205 ; 47 

ranges; Itinerary, survey of, 72,163,176; 215 

ridges, 15,45,67 

South Mountain mines, 191,196 

South Whitehall township ; villages ; quarries, 8,21 ; *10 ; *123 

Soutli and North Whitehall township line ; turnpike, 21; 25 

Southern Pennsylvania RR., 134 

Sower, Potts A Co., 145 

Spitz-berg or Donat-pig, 21 

Spring creek, 21 

Springtown; church, 69,70,245,246,248,249; 246 

♦• and Hellertown road, . . 244 

" and Lower Saucon P. O. road, 243,246 

•» and Stout's P. O. road, 246 

Spring Valley, . . 244,245 

*' and Saucon Valley Mills road, 244 

Standard Slate Company ; quarry, 146,146; ♦120 

Star slate quarry, 90,^118, ♦125, ^137 

Steinsville, (quarries N. of,) ♦12,126 136 

Stemton, 174 

Stephen & Jackson, 97 

Steuben, (L.,) 28 
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Stookertown, »4, 16,17,67,66, 162, 166, 180 

*< and Evasion road ; and Nazareth road, 174 ; 166 

Stone run, 128 

Stout's; P. 0., *7; 246,261 

" and Springtown road, 246 

Stout & Riegel's mine. No. 56, *197 

Stroudsburg, 38,89 

St. Nicholas quarry, *101,103 

St Paul's Church, 131 

St. Peter's Church and Shimersvilie road, 217 

Surface mine, 247,248 

Susquehanna river, 23,24,47 

Susquehanna and Lehigh RRs., (see L. & S. RR.,) 8,172 

Sussex county, N. J., 168 

Swataragap, 23,71,184 

Switzer creels ; run, 12,22 

Swope creels, 11,216 

Tennessee, 211,212 

Thayer (R. A.) & Co., 144 

Third Mountain, 28 

Thomas (Daniel) & Brother; Ironworks, 144,146; 8 

Thomson, J. B.; O. D., 146 

Titus, James, 101 

Tot's gap ; road ; quarry, 26 ; 4 ; 148 

Train's (M.) farm, 100 

Transue's (A.) land, 180 

Trout creek; quarry, 20, 168, 154, ♦166 

Traub creek, 2 branches, . *19 

Treichler's Station ; level, *6,15,113;29 

Treichlersville, *9,31 

** and Alburtis road, 216 

" and Millerstown road, 217 

** and Zionsviiie pike, 220,221 

Trenton, 48 

Trexler's Station, 126 

Trexler A Kline's mine, . . 229 

Trexlertown, *11,21,31,172 

Trinity church, 243 

Tripoli, m,12 

Trout creek, or run, 9,20,116,116,117,118 

Troxell's quarry, 186,187 

True Blue slate quarry, *94 

Tunnel quarry, ♦116,117 

Uhlersburg, 74 

Uhlersville; quarry, ♦7,61,69,260 

Uplinger <fe Griffith, 144 

Uplinger & Griffith's quarry, ♦lOO 

" Harper's quarry, 110 

** Henry's quarry, ♦lOO 

Upper Catasauqua levels. 29 

Upper Macungie township ; villages, 8,126 ; ♦ll 
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Upper Milford township ; villages, 8 ; *11 

Upper Mt. Bethel township ; villages; quarries, 2,26; 3 ; 86 

Upper Mt. Bethel Township line, 4 

Upper Nazareth township ; villages; slates, 2,106 ;«*5; *102 

Up'per Saucon township ; villages, 8 ; *10 

Valte's (A.) house, 231 

Vera Cruz, station, furnace, *11, 225, 236, 237, 238, 265 

** »• and Chestnut Hill road, 226,235 

" *' and Lanark P. O. road, 230,238 

** ** and New Zionsville road, 237 

** •♦ and Shimersville road, 228,236 

Virginia, 183,211,212,213 

Virginsville, 130 

Wagner and Fulmer, 92 

Wagnertown, *6, 173, 179 

Wall en paupack- creek, 47 

Walnutport; level, *6, 11 1-113, 143; 29 

Walpack bend, 39 

Wal pack-Godfrey ridge, 88 

Walter's (Dr. B. C.) mine, No. 25, »203 

«* (Charles) mine, No. 52, ♦196 

Warren county, 169 

Warren RR., 13 

Washington quarry, *92,*116,154,158,160 

*♦ Brown's quarry, ^86 

Washington township ; villages ; quarries, 2 ; *4 ; *91 

Washington township, (Lehigh Co.); villages; quarries, . . . . 8; *9; *113 

Water Gap, 8,9,12,14,19,20,26 

Water Gaps, Chance's report on, 148 

Wayne county, 1,39 

Weaver, Rom. and Jesse W., 184 

Weavertown, .... 57 

Weaversville, ♦6,56,57,184 

Weber's limonite mine, 243 

Weidaaviile, bend, ^11,124 

Weiiersvilie, ♦ll 

Weiley, Levi, . 145 

Weiss, E ; Thomas, 144,146; 145 

Weissen burg township ; villages, 8,22; 12 

Weissenburg township, quarries, ^126 

Weissport, 48,62 

Welch run, .... 114 

Welch town; quarry and tunnel, 166; ♦116,156 

Wessnersville 128 

West Bethlehem, ♦12,38,40,41,44,46,46,50 

Wescoeville, ♦ll 

West Washington quarry, ♦97,^138 

Wetzel's, (J.,) 227,228 

Weygatt, the, 79 

White, L C, 28,47 

Whitehall, levels, ^10,31; 29 
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White Oak quarry, *9S 

Whitfield, George, 3 

WUiiams, (David,) quarries, . . .• *112,*160 

" (D.,) 144,145,146 

•* (E. J.,) 144 

" (H.,) 158 

" (John,) quarry, *149,160 

" (J. T.,) 253 

" (J. W.,) quarry, *86,88,89 

** (Owen) &Co.; quarry, 144,*112 

«* (William P.,) 144 

«* & Jones, quarry, 144,146,146,156; *112 

" Owen <fe Jones' quarry, *118 

" AMoser, 117 

" quarry; No. 2, 154; 154 

" old quarry, 85 

" Railroad quarry, *115 

Williams township ; villages, 2,190 ;*7 

Williamsburg, «3 

Williamsport, 47 

Williamstown quarry, 156,158 

Wind Gap, 3-5,I3,24,*25,26,27,62,53,151,168 

*• station level, * 28 

Windsor Castle, 131 

Windsor township (Berlts county) quarries, ... *130 

Witch's Head, (the Hexenkopf,) 68,71 

Wolfs (C.) farm, •90 

Wolf (M. W.) ACo., 145 

Wolfs hill ; ravine ; old quarry, 60 ; 69 ; 79 

Wooding's (Jacob) mine. No. 18, 202 

Woodring's (Enoch) mine. No. 41, 193 

" (John) mjne, No. 33, 192 

WoodringA Missinger's farm. No. 20, *202 

Yardleyville, 48 

Yeager (L. H.) & Co., 145 

Yellow Breeches creek, 23 

Young (H.) farm, 98 

Young's (M.) mine. No. 23, *202 

Young, Duck & Co.'s quarry, *99 

Youngsville, *6 

Zeakel's mill, 220 

Zellman's, C, 114 

Zinc works, S. Bethlehem, 69 

Zinzendorf, Count, 3 

Zion church, 182 

Zionsville, ♦11,219,221,226 

** toll-gate; house, 218; 219 

** and Treichlersville pike, 220,221 

" and Dillingerville road, 226 
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REPORTS FOR 1874, 1875, 1876, 1877, 1878, 1879, 1880, 1881, AND 1882. 

The following Reports are issued for the State by the Board of Commis- 
sioners, at Harrisburg, and the prices have been tixed Jis follows, in accord- 
ance with the terms of the act : 

FBICES OF HEFOBTS. 

A. HisTORiCAT^ Sketch op Geological Explorations in Pennsylvania 
and otiier States. By J. P. Lesley. With appendix, oontauiing Annual 
Reports for 1874 and 1875 ; pp. 226, 8vo. Price in paper, ^ 25 ; postage, ^ 06. 
Price in cloth, $0 50 ; postage, tO 10. 

A2. Special Report to the Leoislature upon the Causes, Kinds, 
AND Amount of Waste in Mining Anthracite Coal. By Franklin 
Piatt. With a chapter on Methods of Mining. By John Price Wetherill. 
Illustrated by 35 figures of mining operations and a Plan of an Anthra- 
cite Breaker. Price, |1 10 ; postage, ^ 12. 

B. Preliminary Report op the Mineralogy op Pennsylvania — 
1874. By Dr. F. A. Genth. With appendix on the hydro-carbon compounds, 
>)y Samuel P. Sadtler. 8vo., pp. 206, with map of the State for reference to 
counties. Price in paper, ^ 50 ; postage, ^ 08. Price in cloth, ^ 75 ; post- 
age, ^ 10. 

C. Report of Progress on York and Adams Counties — 1874. By 
Persifor Frazer. 8vo., pp. 198, illustrated by 8 maps and sections and other 
illustrations. Price in paper, $0 85 ; postage, ^ 10. Price in cloth, ^1 10 ; 
I)ostage, ^ 12. 

C-» Report of Progress in the Counties of York, Adams, Cumber- 
land, and Franklin — 1875. Illustrated by maps and cross-sectionSy sliow- 
ing the Magnetic and Micaceous Ore Belt near the western edge of the Meso- 
zoic Sandstone and the two Azoic systems constituting the mass of the South 
Mountains, with a preliminary discussion on the Dillsburg Ore Bed and 
catalogue of specimens collected in 1875. By Persifor Frazer. Price, %\ 25 ; 
jjoatage, ^12. 

C3. Report of Progress in 1877. The Geo logy of Lancaster County, 
with an atlas containing a colored geological map of the county, local map of 
tlie Gap Nickel Mine, map and sections of the East Bank of Susquehanna 
River ; other geological sections across the county, and geological colored maps 
of York and Lancaster counties. By Persifor Frazer. 8 vo., pp. 350. Price 
of Report and Atlas, $2 20 ; postage, ^ 25. 

C6. Report of Progress. Geology of Philadelphia County, and 
of the Southern Parts of Montgomery and Bucks. By Charles E. 
Hall. Pp. 145, with Geological map sheet of colored cross-sections, and 24 
pages cuts. Price, |1 65 ; postage, $0 13. 
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D« Report op Progress tx the Brown Hematite Ore Ranges op Lb- 
high County — 1874, with descriptions of mines lying between Emaus, Al- 
burtis, and Foglesville. By Frederick Prime, Jr. 8vo., pp. 73, with a contour- 
line map and 8 cuts. Price in paper, |0 50 ; postage, |0 04. Price in cloth, 
10 75 ; postage, $0 06. 

D2. The Brown Hematite Deposits op the Siluro-Cambrian Lime- 
stones OF Lehigh County, lying between Shimersville, Millerstown, 
Schencksville, Baliietsviile, and the Lehigh river — 1875-6. By Frederick 
Prime, Jr. 8 vo., pp. 99, with 5 mapsheeta and 5 plates. Price, $1 60 ; post- 
age, 10 12. 

E, Special Report on the Trap Dykes and Azoic Rocks op South- 
eastern Pennsylvania— 1875. Part I, Historical Introduction. By T. 
Sterry Hunt. 8 vo., pp. 253. Price, ^ 48 ; postage, |0 12. 

F, Report op Progress in the Juniata District on Fossil Iron Ore 
Beds of Middle Pennsylvania. By John H. Dewees. With a report of the 
AuGHwiCK Valley and East Broad Top District. By C. A. Ash- 
burner. 1874-8. Illustrated with 7 Geological maps and 19 tections. 8 vo., 
pp. 305. Price, |2 55 ; postage, |0 20. 

G, Report op Progress in Bradpord and Tioga Counties — 1874-8. 
I. Limits op the Catskill and Chemung Formation. Bv Andrew 
Sherwood. II. Description of the Barclay, Blossburg, Fall Brook, 
Arnot, Antrim, and Gaines Coal Fields, and at the Forks op Pine 
Creek in Potter County. By Franklin Piatt. III. On the Coking of 
Bituminous Coal. By John Fulton. Illustrated with 2 colored Oeological 
county maps, 3 page plates, and 35 cuts, 8 vo., pp. 271. Price, |1 00 ; post- 
age, ^ 12. 

G2. Report of Progress. Geology op Lycoming and Sullivan 
Counties. I. Field Notes by Andrew Sherwood. II. Coal Basins, by 
Franklin Piatt. With two cjlored geological county maps and numerous 
illustrations. 8 vo., pp. 268. Price, ^1 06 ; postage, |0 14. 

G^. Report op Progress in 1876-9. 8 vo., pp. 120. The Geology of 
Potter County, by Andrew Sherwood. Report on the Coal Fields, by 
Franklin Piatt, with a colored geological map of county, and two page plates 
of sections. Price, $0 58 ; postage, f 08. 

G*. Report op Progress. Part I. Geology op Clinton County. 
Part II. A special study of the Carbonifer'»us and Devonian Strata 
along the West Branch of Susquehanna River. By H. Martyn Chance. In- 
cluded in this report is a description of the Renovo Coal Basin, by Charles 
A. Ashburner, and notes on the Tangascootack Coal Basin in Centre and 
Clinton Counties, by Franklin Piatt. Price, |1 05 ; postage, $0 12. 

G5« Report of Progress. The Geology op Susquehanna County 
AND Wayne County. By I. C. White. Pp. 243, with Geological map and 
58 sections. Price, |0 70 ; postage, |0 12. 

G6. Report op Progress, 1881. The Geology of Pike and Monroe 
Counties. By I. C. White. 8 vo., pp. 407. Illustrated with colored Oeo- 
logical county maps, a map of glacial scratches, and 7 small sections. Also 
special surveys of the Delaware and Lehigh Water Gaps. By H. M. 
Chance, with 2 contoured maps of Water Gaps, and 6 detailed sections. Price, 
|1 15; postage, fO 15. 

H. Report op Progress in the Clearfield and Jefferson District 
OF THE Bituminous Coal Fields of Western Pennsylvania— 1874. By 
Franklin Piatt. 8 vo., pp. 296, illustrated by 139 cuts, 8 maps, and 2 sections. 
Price in paper, |l 50 ; postage, |0 13. Price in cloth, |1 76 ; postage, |0 15. 

H2. Report of Progress in the Cambria and Somerset District 
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OF THE Bttuminous Coal FIELDS of Western Pennsylvania— 1876. By F. 
and W. G. Piatt. Pp. 194, illustrated witti 84 wood-eutSy and 4 maps and sec- 
tions. Part I. Cambria. Price, $1 00 ; postage, |0 12. 

H3. Report of Progress in the Cambria and Somerset District 
OP THE Bituminous Coal Fields of Western Pennsylvania — 1876. By F. 
and W. G. Piatt. Pp. 348, illustrated by 110 tvood-cuts and 6 maps and sec- 
tions. Part II. Somerset. Price, 51^ 85 ; postage, |0 18. 

H*. Report of Progress in Indiana County— 1877. By W. G. Piatt. 
Pp. 816. With a colored map of the county. Price, |0 80 ; postage, |0 14. 

H8. Report of Progress in Armstrong County — 1879. By W. G. Piatt. 
Pp. 238. With a colored map of the county. Price, |0 75 ; postage, |0 16. 

H«« Report of Progress in Jefferson County — 1880; with colored 
map of county. By W. G. Piatt. Price, |0 60 ; postage, |0 12. 

I* Report of Progress in the Venango County District — 1874. By 
John F. Carll. With observations on the Geology around Warren, by F. A. 
Randall ; and Notes on the Comparative Geology of North-eastern Ohio and 
Northwestern Pennsylvania, and Western New York, by J. P. Lesley. 8 vo., 
pp. 127, with 2 mapSj a long sectioii, and 7 cuts in the text. Price in paper, 
fO 60; postage, |0 05. Price in cloth, $0 85 ; postage, ^ 08. 

12. Report of Progress, Oil Wells, Records, and Levels — 1876-7. 
By John F. Carll. Pp. 398. Published in advance of Report of Progress, 111. 
Price, $0 60 ; postage, $0 18. 

13. Report of Progress— 1875 to 1879. Geology of the Oil Regions of 
Warren, Venango, Clarion, and Butler Counties, including surveys 
of the Garland and Panama Conglomerates in Warren and Crawford 
counties, and in Chautauqua county, New York, with descriptions of oil well 
rig and tools, and a discussion of the preglacial and postglacial drainage of the 
Lake Erie Country ; with Atlas. By John P. Carll. Price, |2 30 ; postage, 
10 30. 

J. Special Report on the Petroleum of Pennsylvania — 1874, its 
Production, Transportation, Manufacture, and Statistics. By Henry E. Wrig- 
ley . To which are added a Map and Profile of a line of levels through Butler, 
Armstrong, and Clarion Counties, by D. Jones Lucas : and also a Map and 
Profile of a line of levels along Slippery- P.ock Creek, by J. P. Lesley. 8 vo., 
pp. 122 ; 5 maps and sectio7iSf a plate and 5 cuts. Price in paper, 50 75 ; post- 
age, ^ 06. Price in cloth, $1 00 ; postage, |0 08. 

K. Report on Greene and Washington Counties — 1875, Bituminous 
Coal Fields. By J. J. Stevenson, 8 vo., pp. 420, illustrated by 3 sections and 2 
county maps^ showing the depth of the Pittsburgh and Waynesburg coal bed 
beneath the surface at numerous points. Price in paper, $0 65 ; postage, ^ 16. 
Price in cloth, $0 90 ; postage, ^ 18. 

K2. Report op Progress in the Fayette and Westmoreland Dis- 
trict OP THE Bituminous Coal Fields of Western Pennsylvania— 1876. 
By J. J. Stevenson ; pp. 437, illustrated by 50 wood-cuts and 3 county maps^ 
colored. Part I. Eastern Allegheny County, and Fayette and Westmore- 
land Counties, west from Chestnut Ridge. Price, |1 40 ; postage, $0 20. 

K3. Report of Progress in the Fayette and Westmoreland Dis- 
trict OF THE Bituminous Coal Fields of Western Pennsylvania — 1877. By 
J.J.Stevenson. Pp.331. Part II. The Ligonier Valley. Illustrated with 
107 wood-cuts, 2 plates, and 2 county maps, colored. Price, $1 40 ; postage, 
^ 16. 

li. 1875 — Special Report on the Coke Manufacture of the Yough- 
loGHENY River Valley in Fayette and Westmoreland Counties, 
with Geological Notes of the Coal and Iron Ore Beds, from Survey's, by Charles 
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A. Young; by Franklin Piatt. To which are appended: I. A Report on 
Methods of Coking, by John Fulton. II. A Heport on the use of Natural Gas 
in the Iron Manufacture, by John B. Pearse, Franklin Piatt, and Professor 
Sadtler. Pp. 252. Price, |1 00 ; postage, ^ 12. 

M. Report of Progress in the Laboratory of the Survey at 
Harrisburg — 1874-5, by Andrew S. McCreath. 8 vo., pp. 105. Pric^ in pa- 
per, to 50: postage, $0 05. Price in cloth, 10 75 ; postage, |0 08. 

M2, Second Report of Progress in the Laboratory of the Sur- 
vey, at Harrisburg, by Andrew S. McCreath — 1876-8, including I. Classifica- 
tion of Coals, by Persifor Frazer. II. Firebrick Tests, by Franklin Piatt. 
III. Notes on Dolomitic Limestones, by J. P. Lesley. IV. Utilization of An- 
thracite Slack, by Franklin Piatt. V. Determination of Carbon in Iron or 
Steel, by A. S. McCreath. With 3 indexes, plate, and 4 page plates. Pp. 438. 
Price in cloth, $0 66 ; postage, ^ 18. 

M3, Third Report of Progress in the Laboratory of the Survey, 
at Harrisburg. Analyses, <fec., <fec. By Andrew S. McCreath. Pp. 126, with 
2 indexes and map. Price, |0 40 ; postage, |0 10. 

N. Report of Progress — 1875-6-7. Two Hundred TABiiSS of Eleva- 
tion ABOVE Tide-Level of the Railroad Stations, Summits and Tunnels ; 
Canal Ijocks and Dams. River Riffles, <fec., in and around Pennsylvania; with 
map ; pp. 279. By Charles Allen. Price, tO 70 ; postage, |0 15. 

O. Catalogue of the Geological Musuem— 1874-5-6-7. By Charles E. 
Hall. Part I. Collection of Rock Specimens. Nos. 1 to 4,264. Pp. 217. Price, 
$0 40; i>ostage, fO 10. 

02. Catalogue OF the Geological Museum. By Charles E. Hall. Part 
II. 1. Collection of rock specimens, Nos. 4265 to 8974. 2. Palseontological 
specimens. Price, $0 40 ; postage, |0 12. 

P. 1879— Report and Atlas of the Coal Flora of Pennsylvania 
and of the Carboniferous Formation throughout the United 
States. By Leo Lesquereux. Price of Report, |0 80 ; postage, |0 28. Price 
of Atlas, 13 35; postage, |0 22. 

P2. The Permian or Upper Carboniferous Flora of West Vir- 
ginia AND S. W. Pennsylvania, with 38 plates. By Wm. M. Fontaine, 
M. A., and I. C. White, A. M. Price, ^ 25 ; postage, |0 17. 

Ci« Report of Progress in the Beaver River District of the Bitu- 
minous Coal Fields of Western Pennsylvania. By I. C. White. Pp. 
337, illustrated with 3 Qeolofjical maps of parts of Beaver, Butler, and Alle- 
gheny Counties, and 21 plates of vertical sections, 1875. Price, $1 40 ; post- 
age, ^ 20. 

Q,2. Report of Progress in 1877. The Geology of Lawrence County, 
to which is appended a Special Report on the Correlation of the Coal 
Measures in Western Pennsylvania and Eastern Ohio. 8 vo., pp. 336, with 
a colored Geological Map of the county, and 134 vertical sections. By I. C. 
White. Price, tO 70; postage, $0 15. 

0,3. Report of Progress in 1878. 8 vo., pp. 233. The Geology of 
Mercer County, by I. C. White, with a colored geological map of county, 
and 119 vertical sections. Price, |0 60; postage, |0 11. 

Q,4, Report of Progress— 1879. The Geology of Erie and Crawford 
Counties, with tables of barometric heights in each township, and notes on 
the place of the Sharon Conglomerate in the Palsaozoio series. By I. C. 
White. Also, the discovery of the Preglacial Outlet of Lake Erie, 
with two maps of the Lake Region. By J . W. Spencer, Ph. D. Price, |1 17 ; 

postage, 10 18. 
JB • Retoilt of Progress. The Geology of McKean County, and its oon- 



